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Chapter 1

Introduction

/ This environmental guide identifies and presents information on oceanic pa-
rameters which sffect ASW systems. The-information must be as complete as
coming cusmabersome to use, contain all the detailed dats pecessary-for acoustic-
performance prediction in a specific situation. Tives, Jrformaticn is presented
in & summary format such that their areal distribution and temporal variability
can be readily accessed and extracted by zon-specialist planners. The present
guide limits itself to the continental shelf area off the east coast of Canada from
the CANLANT western boundary (66°W) to the Strait of Belle Isle, including
the Gulf of St. Lawrence.

Two besic groups of infarmation are presented. The first group consists of
general enviroamental sspects which peovide a climatological and oceanographic
perspective of the area of interest. These provide users who are not already
familiar with the area with a good description of the basic features. The second
group consists of specific ASW considerations and includes data of a more direct
spplication to ASW operations. All portions of this guide taken together should
belp mission planners to take better advantage of the specific conditions found
in the area of interest, and to adjust txﬁawcudingly.//

The information cn these parameters has been regrouped into two parts:

o Part I: - contains an assessment of the state of knowledge on each of the

1
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parameters covered. It should be consuited whenever a question arises
regarding the source or vxact pature of the data. The information is
generally organizsed as follows:
- description of the parameter
- its impect on ASW
- its variability (spatial and/or temporal)
~ the resolution required for ASW
- existing data set:
» source of data (agencies, data sets)
= techniques or methodology used o collect the data
s resolution and accuracy of the data
* coverage provided.

’\, o Part II: - contsins the sctual eavircamental information for each of the
Y pearameters. The information is presented as follows:

& | ~ description by region
— data products.

-




Chapter 2

Bottom Features

2.1 Bathymetry

The geographical boundaries of the area are the Narth Shore of Québec to
the north and the St. Lawrence Estuary to 70° W longitude, the Gaspé Penin-
suls, New Brunswick, Nova Scotia and 66*W (CANLANT limits) to the west
(Figure 2.1). The offahore limit to thv. south and to the east is determined by the
200 m isobath. The aces includes as the most essterly point the Flemish Cap
(~ 47°00’'W). Several islands are found within this area: Newfoundlaad, Prirce
Edward Island, Anticosti lsland, the Magdalen Archipelago, Sable Island, St.
Pierre and Miquelon, to name the most importaat.

4.1.1 Regional Description
Gulf of St. Lawrence

The Gulf of St. Larence has an ares of 214 x 10° km?. The St. Lawrence
River and other smaller rivers of the gulf receive the drainage from an ares of
spproximately 13 x 10* kn?. The gulf connects with the open ocean through
the Cabot Strait (104 km wide) and tu a owmch lesver extent the Strait of Belle
Iale (16 km wide).

The main feature of the bathymetry is the Laurentian Chanoel which cuts
the St. Lawrence Estuary from the mouth of the Saguensy River and extends
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across the gulf with depths of 250 to 400 m. From Cabot Strait, the channel
extends to the continental shelf south of Newfoundland with the depth increas-
ing from 400 to 680 m while the width remains appraximately 109 km. Another
important feature is the Esquiman Channel which brancles off from ihe Lau-
rentian Channel and extends from the ceatre of the gulf northeastwards towards
the Strait of Belle Ince. Its depth graduslly decreases from 300 m to 60 m st the
Strait of Belle Isle. The eastern portion of the gulf is occupied by the Magdalen
Shallows which covers one-quarter of the gulf area and has an average depth of
only 50 m.

Scotian Shelf

The Scotian Shelf is characterized by a rather complex bathymetry dom-
inated by several notable features. The nearshore z20ne to a depth of 100 m
is characterized by a rough topography. The central portioa of the :helf has
an average depth of 150 m and gradually deepens to form besins such as the
Emerald Basin (~ 280 m) and the LaHave Basin (240 m) or rises to less than
100 m to form several small banks ( Roseway, Mckenzie Spot, Canso, etc.). Tke
outer shelf is occupied by a series of shallow banks with depths less than 100 m,
gradually shoaling to the surface at Sable Island. It is cut by several channels
such as the Fundian Channel (~ 250 m) and The Gully (~ 150 m). Several
submarine canyons can also be found along the sic =,

Grand Banks

The Grand Banks area consists of five main banks (5t. Pierre, Green,
Whale, Woolfall and Grand Bank) separated from each other and from the
shore by four main channels (St. Pierre, Halibut, Haddock, and Avalon). The
Banks are flat with a gencrally smooth surface, rising to within 100 m of the
surface. Grand Bank itself forms a wajor continental ~':: f platesu ext~nding
approximately 500 km offshore, covering an area ~f some 270,000 km?. It has




an average depth of 60 m except over the Southeast Shoal, a large plateau
where the depth decreases to 40 m. One important consideration for safety of
oavigation is the presence of soxne rock outcrope between Woolfall Bank and the
northera portion of the Grand Bank: Virgin Rock located at 46°27'N, S0°44'W
rises (0 a depth of only 4 m and Eastern Shoals located some 20 km east of
Virgin Rocks rises to 14 m.

The northwest poction of the area is an area of irregular bathymetry with
localised basins and shoals. Downing Basin contains m.merous depressions 1 to
4 km wide and 5 to 15 km loag with water depths of 100 to 250 m.

Further to the north and to the east, the depth increases rapidly to moce
than 1000 m. To the east, Flemish Pams separates the Grand Banks from
Flemish Cap which rises to a depth of 140 m. Finally, the presence of scveral
submarine canyons gouged in the slope along the edge of the Banks, particularly
on the east side of the Thil of the Bank, is noted.

2.1.2 Bathymetric Charts

Detailed bathymetry is provided on the charts which have been produced
by the Canadian Hydrographic Service (CHS) of the Department of Fisheries
and Oceans:

o Map 801-A Bay of Fundy to Gulf of St. Lawrence (Bathymetry);

e Map 802-A Newfoundland Shelf (Bathymetry);

o Map NM-19 Lower St. Lawrence Estuacy (Bathynetry);

e Map MN-21 Strait of Belle-Iale (Bathymetry'.

These 1:1,000,000 charts provide bathymetric in‘ormation with a depth res-
olution of 10 m.
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2.1.3 GIS Bathymetry

A limited set of isobaths (30, 100, 150, 200, 300, 400, 500, and 1009 m) have
been included in the initial GIS version. The complete set of depth contours
(10 m interval) could however be included. Each isobath can be individually
selected, deselectad, or highlighted by assigning a different colour. Bathymetric
information can thus be displayed in the most convenient way to meet the user’s
needs, from large area general features to detailed bathymetry of subaress of
any sise.

2.2 Sediment Types
2.2.1 Sediment Formations

King {1970] identifies five types of formations on the Scotian Shelf and the
Western Grand Baaks area. Some physical properties of the sediments consti-
tuting these formations are listed in Table 2.1. Loring and Nota [1972] in their
study of the geology of the Gulf of St. Lawrence used a different sediment clas-
sification. Their sediment classification and its equivalence in termas of sediment
classes used by King [1970] are shown in Table 2.2.

2.2.2 Sediment Properties

As mentioned in Part I, the geoacoustic profile is generally accepted as
the most flexible and useful mesns of characterixing the interaction of sound
with the seafloor . Given the complete geoacoustic profile (density, speed, and
attenuation structure of the seafloor), it is theoretically possible to accurately
predict bottom effects on acoustic propagation.

It is felt that the propagation in shallow water of bottom interacting sig-
pals will depend most strongly on the sound speed ratio st the water-sediment
interface. The second most important consideration is the sediment thickness,
followed by the combination of sediment sttenuation and sound speed gradi-
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Table 2.1: Sediment formation characteristics (Scotian Shelf and western Graand
Banks ). (After King, 1970)
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~ Mediaa | Scotian Shelf |

Drpe ol Sie | Equivalent
iacial Drift | - Clay to boulder | Scotian Shels

(0.0lmm to m) Drift

: Grevel - Pebbie, cobble, | Sable lsland
i boulder. Saad
PR Cosree Sand | 025-20mm | Sable laiand
. Sand
¥ Fine Send 0.05 - 025 mm ro Sand

fxed Pelite 0 .002 - 005 mm | LaHave Clay |
: Emerald Silt

M

Ty ‘ Table 2.2: Sediment formaiion characteristics for the Gulf of St. Lawrence aad
the equivalent formaticns on the Sootian Shelf.

ent (Spofford et al.,, 1984]. Finally, shear wave sound propagatios can play a
significant role in some cases. Therefore shear wave speed and attenustion are
required,

Estimates of some of the these scoustical properties of the sediments for the
Scotian Shelf and the Grand Banks are listed in Table 2.3. These values were
obtained from S.J. Hughes and D.D. Ellis [DREA, informal communication)
and are based on their low frequency propagation modelling experience, and
values from the existing literature [Hamilton, 1980].

2.2.3 Sediment Type Charts 7
i Data are contained in & serics of charts covering the following sreas: '
o Gulf of St. Lawrence (Figure 2.2)
¢ Western Scotian Shelf (Figure 2.3)
h o Eastern Scouan Shelf (Figure 2.4)




od specy om -y
Grawty | Attensstion | Speod | Attensation
m/s 4B /m-kHx w/o (lﬂlwiﬂ’zz
{aHave Clay 1.3 1480 002 . -
Esmerald St 1.6 1580 0.80 100 10
Semino Send 18 1680 040 150 10
Sable ledend
Seat(Arst 2m) | 19 | 1700 0.50 150 10
Semd: desper 20 1800 20 0 10
Grawel 0 1900 038 00 10
Scotian Sheld a1 2000 o5 800 2.0
Dyilk

Table 2.3: Physical properties of the Scotian Shelf and Grand Banks sediments.
Specific gravity refers to density relative to water. (From Hughes and Ellis,
informal communication)

o Western Grand Banks (Figure 2.5)

2.2.4 GIS Sediment Type

Surficial geology information from the source documents listed in Part I
has been digitized and iucocporated into the GIS.

2.3 Sediment Thickness

The information available on sediment thickness consists of a series of charts
[King et al, 1985] which show the present state of knowledge on the thickness
of the sediment layers covering the Grand Banks and ths Scotian Shelf. These
maps have not been included in this document due to their large number and
bigh resolution, and becsuse it was beyond our resources to coavert this infor-
mation into a chart format more adequate for the present need. Some short
descriptions taken from King's study [1985] on the main characteristics of the
sediment layers are inchidod in Subsection 2.3.1. (AL sediment thickness charts
have however been digitised and included in the GIS.)
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Figure 2.3: Distribution of surface sediments in the western portion of the

Scotian Shelf. (After King, 1970 and Drapeau and King, 1972).
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of surface sediments in the eastern port
rentian Channel and western Grand Banks. (After Fader et al., 1977).
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2.3.1 Regional Description

The dominant features of the sediment thickness and their degree of vari-
ability have been identified from the study by King et al. {1985]. Where the
data were too sparse to allow contour drawing, coly qualitative assessment is
given by the code letters A, B, and C which correspond to the following cate-

e A. Significant sediment thickness.

¢ B. Region of highly variable sediment thickness.

e C. Sediment veneer to several metre thickness.

Scotian Shelf

« Georges Bank: The northeastern part of Georges Bank is covered by
a thin and patchy (< 1 m) layer of sand over a thin gravel deposit. The sand
petches are mainly low amplitude, long wavelength sand ridges. The eastern
portion of the bank has a similar bedform occurring over s thicker layer of sand
(2 to 10 m).

« Fundian Channel: Thenotthudemportmofthehmdmehmd
develops seaward into several submarine canyons that are filled mostly by glacial
till covered by sand (1 to S m thicimess).

« Browuns Bank: The sediment cover in the southwest portion is varni-
able and ranges from less than § m to greater than 50 m in thickness. The
poor quality of the data over the remainder of the area does not allow a clear
description.

- Baccaro Bank, LaHave Bank, Roseway Bank: The poor quality of
the data oaly permits the identification of a saliment veneer (Category C).

« LaHave Basin, Rossway Basin and Emerald Basin: LaHave Basin
is covered by 30 to 70 m of sediments whereas Roseway Basin’s sediments ace
usually imited to 30-43 m. The thickest accumulation in these basing infills
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the deepest ervsion scans in the bedrock surface. In Emerald Basin, these infills
can reach a thickness of more than 100 m.

- Inner Shelf: The high variability of the sediment thickness in this area
prevents covtouriag. Average thickness is approximately 10 to 15 m, thinning
towards land. The thickness varies depending upon the variability of the un-
derlying bedrock and ranges from zero on the bedrock topographic heights to
a maximum of 30 m in isolated pockets.

- Canso Bank Area: On the bank itself, a veneer of sand is found (< 10
m). Between the bank and the inner sheif sone, the sediment cover is variable
and rather unpredictable. This complexity is due to the presence of several,
very smail basins related to the Glooscap fault system [King et al., 1985].

« Migaine and Artimon Banks: Sediment thickness is quite variable
and dependent upon the geometry of the underlying bedrock surface which is
heavily incised. The thickness is generally less than 10 to 15 m between bedrock
channels, but can be as thick as 100 m within the channels. Channeiling tends
to be more intense near the edge of the banks.

« Sable Isiand Bank Area: The thickness is believed to average at least
100 m on Sable Island Bank. It often exceeds 150 m and tends to thin towards
the Western Bank. The variability could be much higher than indicated, but
the data coverage is not sufficient to ascertain the exact structure. Only the
margins of Middle Bank have data coverage and extrapolation of results found
in adjacent banks suggest a highly variable section (20-200 m thick). Much of
the bank has not been surveyed, therefore contouring is not possible [King et
al., 1985}

- The Gully and Adjoining Channels: This sec’ion includes the Gully
ment thickness is highly variable, ranging from less than 20 m to more than
200 w in the deepest bedrock channels. In the Gully itself, the thickness can
exceed 250 m. Except in the Gully, contouring is however not possible due to
low data coverage.
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- Banquereau: Sediment thickness averages well in excess of 100 m with
thicker spocs reaching 200 m. As on Sable Island Bank, the layer appears to
thin towards the uorthern margin. Messurements are too sparse for regional
consouring of this bank.

« Southeastern Laurentian Channel: The data for this region is both
extensive and of good quality The sediment surface is a relatively horizon-
tal surface, except nesr the channel edges. Since the underlying bedrock is
relatively smooth and has been eroded mostly in the centre of the channel,
maximum sediment thickness is found in v.ye centre of the channet (100 to 140
m). In the region of St. Pierre Bank and Misaine Bank however, the thickness
increases to 250 m.

Grand Banks

The basins on the Grand Banks, are characterized by a highly variable
seditnent thickness. Over the southern and eastern Grand Banks, it is usually
less than 10 m. On the northern Grand Banks, in water depths less than 110
m, the deposits are less than 3 m thick. Thickness increases in the Dr wning
Basin and southern part of the Avalon Chaanel where up to 40 @ of till has
been mapped [Mobil Oil, 1984). For the most part however, the Grand Banks
is characterized by large expanses with thin to highly variable sediment cover.

- Halibut Channel: Features are simiiar to that of the Laurentiau Chan-
pel. Sediment thickness ranges from less than 20 m on the adjacent bank tope
to more than 100 m in the deepest, central part of the channel. Thinning takes
place gradually towards the north, and more abruptly to the south.

« St. Pierre Channel, Green Bank, Haddock Channel, and Whale
Bank: This whole area is,characterized by sediments that infill and cover an
irregular, channelled, bedrock surface. The layer thins and bacomes less variable
towards the south, in the outer continental shelf arens. The variability is very
high, and contouring is therefore impossible.

17
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- Inner Shelf: This area has features similar to that of the Scotian Shelf
nearshore ares. The thickness is gonerally less than 10 m except near north-
eastern St. Pierre Bank.

- Tail of the Bank and Grand Bank: Most of this region is characterize
by thin sediment cover with a random distribution of small, low amplitude sand
ridges whose shape and orientatiou are unknown. Beyond the 80-90 m isobaih,
the sediments form a wedge down to 30 m alocg the shelf break. Virgin Rocks
and Eastern Shoals ar= characterized by a very thin layer or the total abseuce
of sediment.

- Virgin Rocks to Whale Basin Area: Whale Deep consists of a cluster
of troughs with sediment infill of up to 185 m thick separated by eodiment
cover as low as 2 t0 10 m. Between Whale Deep and Virgin Rocks, areas of
thin sediment cover (0.5 to 7 m) are cut by oum=rous channels typically filled
by 30 to 60 m of sediments (maximum 120 m).

- Downing Basin, Conception Pay Area: This region contains thick
glacial infill reaching a thickness of ower 85 t¢ 130 m in the basins. The region
between Downing Basin and the Avalon Channel is characterized by thin sand
cover with low amplitude ridges. The northwest portion of this area is occupied
by a besin which is blanketed by abundant glacial till with thicknesses ranging
from 20 m near the flanks to over 160 m towards the centre. The flanks are
also marked by heavy iceberg scouring of the surface which results in irregular
sedimest thickness.

- Hibernia: This region is characlerized by a coatinuous sheet of sand
which thickens in a northesst direction from 2 to 3.5 m. Some ridges with
thicknesses of 2 to 8 m and sediment pockets infilling small depressions cause
sotne variability in this pattern.

18
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Flemish Cap
Measurements availabie over the Flemish Cap do not allow the identification
of the sediment types or thickness. However, an indication on the roughness has
been derived from the echo sounder data available, Based on the measurements
of the amplitude and wavelengths, the relief features haze been regrouped into
the following roughness provinces:
° ProﬁnceA:Dominamfwummmtthminmplimdemd
wavelengths are roughly 200 to 500 m. This relief is attributed mostly to
bedrock outcrop or strong bedrock control.

® MaaB:BcﬁdfwmuvuyixmltoSmmdthdrnvdengthbe-
tween 50 m to 1 k. This type of relief is believed to be also associated
with bedrock outcrop and bedrock covered by a thin sediment veneer.

¢ Province C: Relatively flat surfaces with frequent isolated occurrences of
low amplitude (1 to 3 m) relief features.

¢ Province D: Essentially a fla: (0.5 m to £2 m) smooth surface.

The map in Figure 2.6 shows that the roughest areas of the Flemish Cap
muundbymwiaohtedoccumoaﬁthreﬁefofuptomm. Tke
unoothectmahibitmﬁddlaathmZm,ocuumstbemxghapucba,
and are associated with some sediment cover over bedrock. The flanks of Flem-
ish Cap exhibit an intermedinte roughi.css, often with terraces, and are also
associsted with sediment cover [King et al., 1983].

2.3.2 GIS Sediment Thickness

All the information on sedim.. hickness obtained from King et al. [1988)
hubemdigiﬁzedmdi:indudedintheGISformymuthemquimd
scale.
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Figure 2.6: Bottom roughaess map of the Flemish Cap (After King et al., 1985)




2.4 Physiographic Provinces

2.4.1 Physiographic Provinces Chart

Physiographic provinces represent areas of similar topographic, structural
and morphological characteristics that are likely to show a similar acoustic re-
sponse, These are shown on the chart in Figure 2.7. Furthermore, a description
of these provinces is given in the following sectioa.

2.4.2 Physiographic Provinces Description
Inner Sheif

This province includes the areas from the shore to a depth of 100 m along
the coast of the Québec North Shore, along most of the Newfoundland coast
and along the coast of Nova Scotia . This region has a relatively constant width
of appracmately 30 km along Nova Scotia and Québec, but is very irregular
along the coast of Newfoundland, in particular the east and south coasts. It is
characterized by a rough bathymetry, since it is an extension of the adjacent
hndﬂntotheomnthuahwingthenmebedrockfamnionmdazimﬂu
geological history [Drapeau and King, 1972]. It is mostly covered by a thin
layer of sand and gravel

Sound propagation is expected to be very poor at low frequencies due to
the shallow depth and the presence of a thin and irregular layer of sediment.
At higher frequencies, high bottom scattericg can be expected due to bottom
roughness.

Laurentian Channel

This a broad trough-ike depression that extend: from an area near the
mouth of the Saguenay River in the St. Lawrence Estuary, through the Gulf of
St. Lawrence and coatinues across the coatinental shel{ to the shelf edge. From
the Pointe-des-Monts area, it is on average 100 km wide and forms s relatively
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straight trough with steep sides. The floor of this channel contains several large
elongated depressions presumat!y formed by glaciel overdeepening. Tributary
channels jcin the main channel (er. Esquiman Chancel). Its ficnr generally
has a smooth susface except for those areas in which the presence of glacial till
produces an undulating surface [MacLean and King, 1971].

Sound propagation should be better, ar at least more predictable, than ia
most of the area under study wher both the receiver and the target are inside
the Channel, due to the greater depth and the homogearity of the sediment’s
composition, thickness and structure.

Lower St. Lawrence Estuary

The Laurentian Trough extends upatrears into the St. Lawrence Estuary to
Tadoussac, senward of the Saguenay Fjord entrance. The width of the chaanel
decreases from 40 xm to less than 10 km while the depth remains relativesy
coustant at 300 m. This area is basically a fjord and the problem of side
boundasies is therefore more predominant.

Magdalen Shallows

Very shallow (50 m) and at area that covers one-quarter of the Gulf of
St. Lawreuce. The bottom is covered mostly by sand and gravel. Sound
propagation characteristics should be relatively constant over the whole area.

Central Scotian Shelf

The southwest and middle portiou of the central shelf fo. ms a broad trough
which lies parallel to the coastline. The trough is 40 to 50 km wide and extends
more ot less comtinuously along this portion of the Scotian Shelf to 61°N. It
comprises two main basins which form large transverse depressions branching
from the longitudinal trough: Emerald and Lalave Bazins. They reach a depth
of up to 275 m. A third vmaller and shallower basin, Roseway Basin, lies to
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the southwest, separated from the others by Roseway Bank. The basins and
troughs have smooth, gently sloping strfaces and are partly filled and mantled
by unconsolidated sediments with the top layer of these sediments consisting of
a very fine nature, such as La Have Clay and Emerald Silt [King, 1970].

Outer Scotian Shelf

The outer shelf is a broad zone, 50 to 63 km wide and comprised of a chain
of shallow banks which extend along the continental margin. It is an area of
high relief which runs parallel to the shelf edge. Several broad, more or less
flat-topped banks separated by shallow depressions form a saddle shape. They
are covered by a layer of material which is coarser thaa that found in the basins.
This material is mostly Sable Island ssnd and gravel [King, 1970].

Northeast Scotian Shel?

This portion of the central shelf between 61°W and the Laurentian Channel
is more highly dissected and bathymetrically more complex than the portion of
the shelf to the west. The scabed across the area is irregular and in places, very
rough. The roughness arises from an uneven surface of underlying bedrock as
well as from the presence of glacial debris which may have been partly modi-
fied [McLean and King, 1971). In addition, some of the depressions bave been
filled by sediments of various types which results in large fluctuations in sed-
iment thickness over a small area. Sound propagation characteristics, when
bottom interaction is important, can be expected to be highly variable and
unpredictable.

TJeep Channels

Several narrow channels of 10 to 30 km width, can be found mostly east of
the Grand Banks. They represent discontinuities in the relatively shallow and
fiat bathymetry of the surrounding banks. The bottom is generally covered by
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1 See the clamified appendix of this docuwnent.

I
'S

& thin layer of Sambro sand and glacial till.

A% —_ o
o

; Grand Bank

This is a vast shallow area with a very smooth bottom, especally in its
ceatre and northeast portion (Great North). It also includes the very shallow
; areas of the Southeast Shoal and Woolfall Bank. The thickness of the sediment
layers is variable, but they form mostly a thin veneer over the bedrock. Sound
propagation should be poor for low frequencies due to the shallow depth and
the sediment structure. Use of high frequencies should be hampered by high
bottom reverberation levels.

%

L

North Basin

U ey R R e W A

This is the avea north of Grand Bank, between the Avaicn Channel and
Great North Basin. It is characterized by an increased depth (100-200 m) and
s rougher batbymetry. The sediment distribution is also less homogenecua.
Glaciomarine sediments and till commonly fill channels and depressions in the
bedrock surface. The sediments consist of sand and gravel in the shallow por-
tions (less than 100 m), and glacial deposit and fine grained marine sediments
predominantly in deep channels and basins [Fader and King, 1981).

o o~ by

S —r—e
e

T

| Flemish Cap

The Flemish-Cap is a bank that rises in a gentle slope from depths of ap- 1
progimately 350 m to 120 m on the west and north side. Ou the rast side, the
i slope iz steeper, whereas on the south side it drops abiuptly into the Newfound-
Iand Basin (3500 m).

2.5 False Targets
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2.6 Magnetic Anomaly

The available information may unfortunately be of little value for tactical
purposes for the reason given in Part I. Some information is nevertheless in-
cluded and the areas that are potentially more noisy for MAD systems due to
the strong spatial gradients in the magnetic field are identified.

2.6.1 Magnetic Anomaly Chart

Verhoef and Macnab [1987] have compiled all the existing geomagnetic
data to produce an updated 1: 5,000,000 chart covering most of the continental
margin of eastern Canada. Part of this chart is included in Figure 2.8. It
shows the locations where strong shear gradients in the geomagnetic field exist
as the transition between dark and light areas on the map. These zones may
be associated with higher noise. As well, areas of sharp topographic features
are also potentially noisy areas for MAD systems.

2.6.2 Other Data Sets
Additional information is cootained in the classified appendix of this doc-
ument.
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Chapter 3

Climatology

3.1 Canadian East Coast Climatology
3.1.1 Storm Frequency Statistics

The low pressure systems that bring cloudiness and precipitation tend to
move northeastwardly across the area. The storm frequency is highest during
the cold months (December through May) as shown in Figure 3.1.

Tropical cyclones that drift westward across the Atlantic and then recurve
to the north and northeast often reach the Canadian eas’ coast area as tropical

storms. Their peak months of occurrence are September anl October as seen

in Figure 3.2.

3.2 Wind Data Products
3.2.1 Mean Winds

Under the influence of the dominaat large-scale atmospheric pressure fleld
(eg., lcelandic low, Asores high), susface winds are generally northwesterly
during autumn and winter, and southwesterly during spring and summer.

Mape depicting moathly mean wind speed and direction are included in
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Figure 3.1: Mean number of low pressure storms per month on Canadian east
coast regions. (After Crutcher and Quayle, 1974)
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Figure 3.2: Monthly percent probability of tropical storrua on Canadian east
coast regions. {After Naval Weather Service Command, 1974)
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Figures 3.3 and 3.4 . The winds are computed from the ships’ observation
database.

3.2.2 Wind Roses

A more compiete description of the wind variability is provided by moutLly
8-point wind roses which indicate the joint frequency distribution of the wind
from & particular direction against wind speed in five knot classes as described
in Figure 3.5. Th- roses are included for 3 locations situated roughly at the
centre of the Gulf of St. Lawrence (Figure 3.8), the Scotian Shelf (Figure 3.7),
and the Newfoundland and Grand Banks areas (Figure 3.8).

3.2.3 Storm and Gale Force Wind Frequency Maps

These data show the frequency of occurrernce of wind speeds greater than
predetermined wind speed thresholds for selected moathe of the year (Fig-
ure 3.9). The thresholds are 34 knots for gale force winds, and 48 knots for
storm foree winds,

3.2.4 Storm Force Wind Duration Contour Maps

The mape in Figure 3.10 show contours of estimates of the maximum durs-
tion of the storms (wind speed grester than or equal to 48 knots) over the area
sl different times of the year. The Geoetrophic Wind Climatology dats set was
used for the duration analysis.

3.2.5 GIS Data

The monthly contour mape of mean wind speed and direction shown in
Subeection 3.2.1, storm and gale force wind frequency shown in Subsection 3.2.3,
and storm duration shown in Subsection 3.2.4 are included in the GIS database.
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Figure 3.3: Monthly mesa wind direction and speed mapa for the months of a)
Japuary, b) March, and ) May. (From Mortsch et al., 1985)
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MONTHLY WIND STATISTICS .\ .
GULF OF ST. LAWREMCE AREA 3 - CENTRAL GULF "
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Figure 3.6: Monthly wind roses for the Gulf of St. Lawrence - Central area 2
(After Swail, 1990) : ’
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MONTHLY WIND STATISTICS -
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Figure 3.10: Contour map of the average duration of storm force wind (> 48
knots) for February, April and June. (From Mortach et al,, 1983)
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3.3 Flying Weather 2

Weather conditions affecting low level flying (cloud ceiling and visibility)
bave been summarized and categorized into three types commonly used in avi-

ation:

Flight Rule Category Minimum Weather Requirements i
Visual Flight Rule (VFR): 225mi AND 2 1000 ft. g
Instrument Flight Rule(IFR): 2 06mi AND 2 300 ft. N
AND <25mi OR <1000 ft &
below IFR: <06mi OR <30f <L
3.3.1 Flying Weather Statistics
A graphical summary of flying westher cooditions for central locations in ‘,
each of the three main subaress bas been included in Figure 3.12 3
3.3.2 Flying Weather Maps
The contour maps for selected mouths shown in Figures 3.13 and 3.14 1
depict the percent frequency of below IFR conditions and the percent frequency K
of IFR conditions. It followz that the percent frequency of VFR conditions can ;;.
be derived from these two contour lines by using the formula: R
VFR conditions = 100% -{(% freq. < IFR + % freq. IFR )]
3.3.3 GIS Data o
) Moathly contour maps of flying weather conditions as described in Subsec-  ‘ ?
tion 3.3.2 bave been included in the GIS. 34
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Figure 3.12: Flying weather statistics for: a) Sable Island region, b) Gulf-
Magdalen Island region, and ¢} Northern Grand Banks. (From Mortsch et al,,
1985)
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Figure 3.14: Contour map of flying weather conditions for July, September and
Nowrrober. {From Mortsch et al., 1985)
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3.4 Visibility
3.4.1 Visibility Statistics

Statistics on visibility conditions for the Sable region on the Scotian Shel,
for the Gulf-Magdalen region, and for the Northern Grand Banks are summa-
rized in Figure 3.15. Visibility ranges are regrouped into five categories outlined
as follows:

Category 1 < 0.5 nmi

Category2 2 0.5nmi to < 1.1 nmi

Category 3 2 1.1umi to < 2.2 nmi

Category 4 2> 22ami to < 5.4 nmi

Category § > 5.4 ami

3.4.2 Shipping Visibility Contour Maps

The contour maps in Figures 3.16 and 3.17 show the percent frequency of
visibility less thaz 0.5 nautical mile, and the percent frequency of occurrence
of visibility greater than 2.2 nautical miles combined with wind speed less than
25 knots, which is defined as "good shipping” conditions [Mortsch et al., 1985).

3.4.3 GIS Data

The monthly coatour mape of shipping visibility conditions (as shown in
Subseection 3.4.2) have beea included in the GIS database.
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Figure 3.15: Visibility statistics for: a) Sable Island region, b) Gulf-Magdalen
Island region, aud ¢) Northern Grand Banks region. (From Mortsch et al.,

1985)
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3.5 Air Temperature

3.5.1 Air Temperature Statistics

Stailstics on the air temperature for the Sable region, the Gulf- Magdalen
region and the Nortbern Grand Banks region are given in Figure 3.18.

3.5.2 Air Temperature Contour Maps 7 -
The mean air temperature and the standard deviation in degrees Celsius ’
are presented for the four mid-seasonal months in Figure 3.19. ;
3
3.5.3 GIS Data g
Monthly contour maps of mean air temperature and its standard deviation
as shown in Figure 3.19 bhave been included in the GIS.
By
k.
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et al., 1985)
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3.6 Precipitation

3.6.1 Precipitation Statistics

Precipitation statistics for the Sable Island region, the Gulf-Magdalen re-
gion and the Northern Grand Banks region are shown in Figure 3.20. The
total percent frequency of precipitation in broken down into four categories:
light rain, heavy rain, light snow, and heavy snow.

3.6.2 Precipitation Contour Maps

The percent frequency of precipitation reported and the percent frequency
of snow t=ported are presented for the four mid-seasonal months in Figure 3.21.
The percent frequency of precipitation combines the observations of all forms of
precipitation. Furthermore, a third contour that delineates the furthest extent
of snow in each of the selected months is included.

3.6.2 GIS Data

Monthly contour maps showing the percent frequency of precipitation and
percent frequency of snow as presented in Subsection 3.6.2 have been inciuded
in the GIS.
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3.7 Sea Ice

3.7.1 Ice Climatology
Ice Cover

Gulf of St. Lawreace, Initial ice formation occurs in December in the St.
Lawrence River due to the low salinity of the water, and oa the coastal shallows
of New Brunswick. It then usually forms slong the North Shore and in the Strait
of Belle Isle. The growth and spread of ice then proceeds across the Gulf of St.
Lawrence during January and February, progressing southward and eastward to
gradually occupy the western half of the gulf from the north tip of Cape Breton
Island to the southeasiern end of Anticosti lsland, and from this point to the
west coast of Newfoundland near Daniels Harbour. The ice cover continues to
grow through February and the beginning of March until it occupies the entire
gulf. The bresk-up tends to begin in the middle of March in the eastern part
of the gulf (leeward areas) and in thinner ice areas. It proceeds southward
and southeastward until the last ses ice area in the southern portion between
Prince Edward Island and Cape Bretoa Island has melted, usually in the middle
of May [AES, 1985].

This pattern can vary greatly. There have been mild winters with very little
ice when shipping routes were open through the winter while on the other hand,
the gulf can be totally covered by the end of January and ice can persist in some
areas uatil the middle of June.

Goand Benka and Fast Newfoundland Waters,  Sea ice usually begins to
form along the coast of southern Labrador aad into the Strait of Belle Isle at
the end of December. It then continues to spread southward and reaches Notre-
Dame Bay at the end of Jaocuary and Cape Bonavista by the end of February.
It also expands seaward to a distance of appraximately 300 km. The ice cover
extends to near 48°N 50°W by March. The retreat of ice is slow, and reaches
the north end of the Strait of Belle Isle by the end of May [AES, 1989).
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The variations in this pattern can be v ry large. There are records of the
presence of ice extending to the Avalon Peninsula by the end of January and
extending south to 45°N by the end cf March, thus covering the whole northern
half of the Grand Banks. During mild winters, very little ice can be found south
of Notre-Dame Bay and the Strait of Belle Isle may be open most of the winter.

Type of Ice Cover

In the Gulf of 3t. Lawrence, with the exception of some small areas near

ot 2 ok AL

shore, th. ice dos=s not form a coatinnous sheet, but ice floes will aggregate and
form a sheet of close pack ice. This ice usually grows to a thickness of 45 to 60
cn. Where ridging occurs, the thickness may reach more than oue metre [AES,
1984].

The pack ice of the East Newioundland area is characterized by the presence
of 10 to 20% of multi-year ice which originates in the Arctic and is carmied south
by the Labrador Current. The thickness of the ice grows to between 90 to 120
cm thick. Ridging seldom occurs except aloog the cosstline, but when it does

A YN gt S A T S Y -5 ey TG 18 e SN PV AT e S A A P

occur in the offshore pack, it may increase the thickness to two metres [AES,
1984).

3.7.2 Ice Cover Maps

The maps in Figures 3.22 and 3.23 show the maximum ice Limit to which

A T W AT TR R, g
ey

sea ice has been reported at leaat once at the time of the year indicated during

the database period of 25 years. The minimum ice limit indicates where sea ice
bas always heen observed for the date of the chart. The median ice Limit 1s also
presented for the 25 year observation peniod.
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northern Grand Banks. ( From Mobil Oil, 1984)

3.8 Icebergs
3.8.1 Iceberg Number Statistics

Table 3.1 shows the estimated aumber of icebergs reported south of 48°N
on s moathly basis by the International Ice Patrol. Data from 1979-80 to 1985-
86 are included. Additioval estimates from selected seasons frem as far back
as 1945-46 are included to show the range of variability that can be observed.
Finally, the monthly aversge of the estimates from 194546 to 1985-86 has been
computed.

3.8.2 Iceberg Size Statistics
Figure 3.24 shows some statistics ua iceberg mass and iceberg draft.
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3.9 Icing

3.9.1 Freezing Spray Statistics

The potential for the accumulation of ice due to freexing spray is calcu-
lated from the observed conditions of sea suriace temperature, air temperature,
wind speed, wave beight and aalinity. An empirical relationship involving these
factors is used to determine a rate of ice accumulation. The actual freezing
spray ice accretion on a vessel however varies considerably depending upon fac-
tors such as the vessel structure, its course or orientation to the wind and ita
speed. The potential freezing spray ice accretion rates are reparted in five broad
categorics:

CATEGORY ACCRETION RATE

Do icing < 0.5 mm/hr

light > 0.5 mm/hr to < 1.28 mm/hr
moderate 2> 1.25 mm/hr to < 2.5 mm/hr
heavy 2 2.3 mm/hr to < 6.25 mm/hr
severe 2625 mm /hr

Detailed statistics on all ice accretion classes for the Sable Ialznd region,
the Gulf-Magrlalen region and the Northern Grand Banks region are included
in Figure 3.25.

3.9.2 Ice Accretion Maps

The maps in Figures 3.26 and 3.27 show coutours of the perceat frequency
of moderate or greater (2 1.25 mm/hr) ice accretion potential. In addition,
percent frequency of modersie to heavy freesing rain was contoured.

3.9.3 GIS Data

Moathly contour maps of ice accretion potential and frequency of moderate
to beavy freezing rain as described in Subsection 3.9.2 have been inclnded in
the GIS.
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Chapter 4
i
Oceanography ¥
<A
Be
4.1.1 Wave Climatology by Region Fo.
Gulf of St Lawrence; Although the gulf is relatively easy to accem, the g 3
data ase still insuficient to obtain a complete picture of its wave climatology. £
It bowever appears that waves are less severe than in the other more exposed w By
arens such as the Grand Banks. Special problems for wave perediction in the o
gulf include shallow water effects, currents, and ice [Ouellet and Llamas. 1979]. E -
Scorian S'ielf Long waves propagating over this shallow regon experience
shoalire. The modification of the waves will be particularly significant in 1:}
pearsbore regions where the decressing depth affects almost the entire ocean ’
wave spectrum. Sheltering due to Sable lsland, and possibly wave-current in- t
teractions will also impact oo wave characteristics. Finally, wave refraction, 4
which causes the energy to converge in some areas resulting in increased wave ’:’

height, is also possible cn the Scotian Shelf [Neu, 1976). Sl

b
Grand Bagks The highest sea states are generated in winter during north. r—".:
westerly outhreaks of cold air. The lower levels of the atmospbere becnme ;

very unstable with their passage over open water and this causes strong surface
winds. In these situations the wave field is fetch Lmited by the shore or ice
edge, and hence builds to the southwest [Neu, 1976].
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S
t
}
; 4
Figure 4..: Wave refraction over the Grand Banks of Newfourdland. {From s i
Neu, 1970) !
:
t
Since the Grand Banks are reiatively shallow, loug penod swell that fre- !
4
quently propagates onto the Banks from the south has wavelengihs lung ~nough ; !
to experience bottom refractive effects that tend to concentrate the energy and !
¥
increase the wave heighits i sore locations as shown 1o Fipwe 4.1 !Neu 1976] {
} ]
4.1.2 Wave Roses ]
Monthly wave rcees representing the directional frequency of | m wave 4
height clasaes are included for selected subareas in Figure 4.2, These are tasen ;
- {
as fairly representative of each of the three s areas the Gulf of St Lawrence :
(Fig. 4 3), the Scotian Shelf (Fig. 4 4) and the Grand Banks (Fig. 4 54 1'
A key to the wave rose interpretation is given wa Figure 4 2. 1
4.1.3 Wave Period Statistics [ ]
'
A graj:hical sununary of the pereent frequency of the combined wave penod 2
E
has been included in Fupues S 6 to 4.3, The combnned wave period s the penod S i
i
of the higher of wave or awell height. If they are the same beighit, the longer - :
i
A5 :
]
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Figure 4.2: a) Wave rose source subareas. b) Wave rose key.

period has been chasen. Therefare, although they provide useful complementary
information to the wave roses regarding the shape of the dominant waves, they
can be misleading as far as giving a representation of the ses surface roughness.

4.1.4 Cowmbined Wave Height and Frequency Contour
Maps
Combined wave beight is a representation of the sea surface motion that
includes the interaction of the swell which are waves generated by a storm or
winds at a large distance from the observation point, and the wave generated
at the site due to the local winds.
The combined wave height (H,) is calculated using the formula:

He = ((Ha): + (Hn)’)'/,

where H, is the sea wave height and H,, is the swell height {Mortsch et al.,
1983]. These values are usually estimated visually from a ship.

The monthly charts in Figures 4.9 to 4.12 show contours of the percent
frequency of occurrence of combined wave height less than or equal to 2 me-
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Figure 4.6: Monthly wave period percent frequency - Gulf of St. Lawrence.
(From Swail, 1991)
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Figure 4.8: Monthly wave period percent frequency - Grand Banks. (From

Swail, 1991)




tres (relatively calm ses) and of the percent frequency of occurrence of severe :
conditic 18 (combined wave height greater than or rqual to 6 metres).
fo
] i
] 4.1.5 GIS Data !
b 3 H
= Monthly contour charts of combined wave height such as those detined in .
} 4 Subeection 4.1.4 have been included in tbe GIS databese. R
! :
{ !
3 i
%. |
'
1]
g
| s
H

AT B . et A

o -

i e Timmg e d—— W S p— St —— oy

r«,,,w._m-..__....
(.

T N L R PR

umﬂ.““ﬂd»m 4 ror il BadY W a5 A O 9 B N B T L L R Bl

e, A ¢ bt A T b




Rl

Il

M

me

JANUARY

3

'!-“'\,I",\",\siﬂ

P,
W

Figure 4.9: Combined wave height frequency - Winter.( Solid line contours indi-
cate percent frequency < 2 m. Dashed line contours indicate percent {requency

> 6 m. (After Mortsch et al., 1985)




%

S T o e

s L

< N T
S D I T R
2 f |
|
)
g
1o N N .
- o ; 2 \
; ~ - ‘. l ﬁ; ‘\} \ \
_'}/ T \/’\‘ \ -
| i \
| / —
s /\/ :

. ren T

Figure 4 10 Combined wave height frequency - Spring { Sobd ane contonrs sy

cate peccrnt trecuency < 2 me Dasked Loe contours undirate per
26 m. (After Mot et al | 1410

-3

[x)

RITNTEENE S WU TV Y NS g S b - 6 o

M T M N s Nkt B ey s b g o VA EAAIN GL U 4 Y 4 ke A s A L v e A s W SISy

T s B P e AN W aapn 0 ek

cent frequeney

T LIRS . S A WA WY . >

et P

B R R

-

o s

T B g .~ Wiy o G g

o e .

-y " d o o

and.

|

Diaw i mj




il e i a2 m e L B e g e ¢ Q- .
> St 3 o3 s fd o aroaer s el g N
R A et o s RS2 e Lo b
- DT T ST A AR R .
K il o Aigcdat . .
.
K
-

<
4
5
L4

Lev ek

"

-~

s

EErITaN

SUN

we

33

43N

UM

rgyy e

|

!

bE' 1Y

Figure 4.11: Combined wave height frequency - Summer.( Solid line contours

indicate percent frequency < 2 m. Dashed line contours indicate percent fre-
quency > 8 m. (After Mortach et al., 1985) .

76

" T # ,"‘ » Lem b TET) et W v Sy - 4 P ] e S Pk ) P N pory
; SRS Can 8 B it Bl ot LR A g el - Sl L ?ﬁ’bm-.m . ¥




o

70 L L1 80w 33a Suw LEL)

b1

DECEMBCR

i g

\? - f%?\vg

50

L0

W

234 LY a8

ot

Figure 4.12: Combined wave height frequency - Fall. (Solid line contours indi-
cate percent frequency < 2 m. Dashed line contours indicate percent frequercy
2 6 m. (After Mortsch et al., 1585)

3™

L3-2

 SRUN o 1 A4 s o A

5

b




P4 rub
SR OIP AT N 75 Ry
J g et R e h

4.2 Currents Description

4.2.1 Mean Surface Currents

Figure 4.13 shows the main features of the surface circulation in tne area of
interest. Seasonal variations in the main flow are well documented for the Gulf
- of St. Lawrence only (Figure 4.14). Further descriptive comments on the main .
- currents ace included in the following subsections.

Gulf of St. Lawrence
The Gulf of St. Lawrence has been subject to numerous surveys, but
- direct current measurements still exist ouly for a small proportion of its surface
2 [El-Sabh, 1976). In addition, most of these surveys were conducted during the
ice-free months; as a result, s complete picture of surface circulation in the Gulf
of Si. Lawrence is not available from observations. The surface circulation has
‘ therefore been deduced using the geostrophic method and a network of averaged
stations for different periods of the year. The circulation pattern thus obtained
sgrees with the results of synoptic obeervations {El-Sabh, 1976)].

« St. Lawrence Estuary: The main feature of the surface circulation in
the estuary is the presence of a strong outflow of susface water confined to the
upper 25-50 m along both shores, although the south shore outflow is much
stronger in most places (50-70 cm s~! veissus 30-50 cm s™! in summer). The St.
Lawrence Estuary is also characterized by the existence of strong transverse
currents. Their most obvious manifestation is the "Rimouski eddy” (Figure
; 4.15, a clockwise gyre located between Rimouski and Pointe-des-Monts, and a
T northerly transverse current in the Ile du Bic region [El-Sabh, 1979)].
a The variability of these currenta is high since they are related to the volume
of outflowing freshwater which is at a maximum in May and a minimum in
winter [El-Sabh, 1979]. There is also a relationship with the lunar cycle. The
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Figure 4.15: Mean surface circulation in the lower St. Lawrence Estuary. (From
El-Sabh, 1979)

Gaspé Current reaches its maximum velocity three or four days before the
moon’s quarters when the estuary is emptying (Koutitonsky, 1979)].

- Gaspé Current: The ocutfiow of fresh water from the St. Lawrence River
has s strong influence on the circulation in the gulf. Its most striking feature is
the Gaspé Current which flows along the Gaspé Peninsula from the Rimouski-
Pointe-des-Monts area to Cape Gaspé. This current is subject to wide seasonal
variation in strength corresponding to the variations of the volume of freshwater
outflow. The maximum velocities (greater than 75 cm s™!) therefore occur in
May . Ip summer, the velocity decreases from 66 cm s™! in July to 30 cm s~} in
August. During the fall, it reaches vpeeds of 33 an 3! and its lcwest values (5
to 10 cm s~!) are observed in the winter. Most of the year, the Gaspé Current
is also coupled with an inflow on the Anticosti Island side. On average, it has
a width of 15 km, a thickness of 30 m and its direction is relatively constant
{Tang, 1980]. It is a relatively stable current geographically speaking, however
its magnitude is subject to large seasonal variations (the current may actually
vanish on occasion [Farqubarson, 19686)).

81




LI

.;/ N

= Magdalen Shallows: As it enters into the gulf, the Gaspé Current spreads
out in a general southeasterly direction, with velocities decreasing to between
1 and 5 cm s™!. Between the Magdalen Islands, Prince Edward Island, and :he
western part of Cape Breton Island there is an eastward flow towards Cabot
Strait.

- Cabot Strait Circulation: The surface flor out of the gulf has its maxi-
mum strength on the Cape Breton side of the strait and forms the Cape Breton
Current. Its velocity is on the order of 20 cm s~! on average, with a maximum
of 30 cm a~! in August and in the winter, and a minimum of less than 15 cm
57! in July (El-Sabh, 1976]. On the Newfoundlard side of the strait, there is
a weak flow into the gulf from the Atlantic Ocean. This inflow divides into
two branches: the first moves northeastward along the coast of Newfoundland,
the second turns west shortly after entering the gulf and joins the Cape Bre-
ton Curreit. This pattern is modified in winter when the circulation becomes
outward on both sides of the strait with an inflow in the middle of the strait
which then turns west, probably under the influence of the prevailing northwest
winds and drifting ice, and eventually rejoins the outflowing current on both
sides [El-Sabh and Johannessen, 1972).

- Eastern Gulf Circulation: The water entering through Cabot Strait tends
to follow the west coast of Newfoundland with some of it continuing towacds
the Strait of Belle Isle and the remainder flowing north. Southwest of Aaticosti
Island the circulation is characterised by a large permanent anticlockwise eddy
during the ice-free months of the year. This eddy is highly variable in dimension
and position. Furthermore, in winter, it is seplaced by a smaller clockwise gyre
{El-Sabh, 1976).

= Strait of Belle Isle Circulation: The Strait of Belle Isle circulation is
highly variable since its most probable driving mechanism is the sea level dif-
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ference between the opposing ends of the strait produced by la~ge-scale meteo-
rological forcing [Garrett and Petrie, 1981). Garrett and Petrie alsc noted that
both inflow and outflow are stronger on the south side of the strait. Finally,
there is evidence for substantial inflows into the gulf through the strait during
winter.

- =« North Shore circulation: Labrador water entering through the Strait

of Belle Isle and the northwest flow in the Esquiman Channel join and are
deflected to form a westward drift that flows along the north shore beyond
Anticosti Island during the ice-free months of the year. In winter, this fow
tends to reverse, and form an eastward drift.

- Anticosti Eddy: Along the porth shore of the gulf, between Anticosti
Island and the St. Lawrence Estuary, the surface water sets westward then
swings acioes the estuary towards the scuth shore where it reinforces the Gaspé
Current, which in turn sheds a branch that closes the loop. This anticlockwise
eddy is a permanent feature of the gulf circulation [El-Sabh, 1976].

Scotian Shelf
- Nova Scotia Current: Winter time circulation over the Scotian Shelf con-
sists of southwestward flow along the coast and a northeastward flow on the
outer portion of the shelf. The coastal current is called the Nova Scotian Cur-
rent snd it carries the Gulf of St. Lawrence water from Cabot Strait along the
shore of Nova Scotia. It is bounded on its offshore side by the Scotian Front,
which is the surface expression of the transition from the Nova Scotia Current
water to the mixed water offshore [Anderson wnd Smith, 1989]. The mean sur-
face speed of this current is estinated to be 9 cm s~! [Sutcliffe et al., 1976].
Near surface current up to 29 cm s~} can be found in the core of the current
usually located at approximately 45 km off the coast.

Some of the flow occurs acroes the shelf, in a general southerly direction,
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particularly over the troughs between the LaHave Bank, dmerald Bank and
Browns Baak [Gregory snd Smith, 1988]. The curreat tends to be strongest in
winter (10-30 cm a~!), while during the fall it iy appraximately 10 cm s~

- Southwest Nova Scotia Circulation: The features of interest for the
southwest Nova Scctia circulation are the pressnce of a westward longshore
coastal current (4-10 em s~!) and an anticyclonic gyre around Browns Bank
(5-15 cm s~1)

Grand Banks

Over the banks themselves the currents are generally weak and highly
variable, while the circulation around the banks is an important current, the
Labrador Current (Figure 4.16). The Labrador Current contains relatively
cold and low salinity water compared to the surrounding waters and flows south
along the Labrador Coast and the east coast of Newfoundland, roughly following
the 200 m isobath. Velocities between 20 to 60 cmn ! are recorded on that
portion of the current {Lazier, 1982]. Along the way, some exchange occurs
between the Labrador Current and the Gulf of St. Lawrence through the Strait
of Belle Isle [Garrett and Petrie, 1981]. As the seafloor rises onto the banks area,
the flow is =teered into the two deeper channels, the Avalon Channel and the
Flemish Pass, thus forming two branches of the current. Data are toc limited
to determine seasonal variations in the current pattern. Note that wind-driven
currents can be significant in this area. They naturally tend to be strongest
neasr the ocean surface and diminish with depth. These currents are subject
to inertial motion, which has a period of approximately 16.3 hours at these
i iatitudes. Although the winds are stronger in winter, wind-drien currents and
! ] inertial currents tend to be stronger in summer due to the wates stratification
E which results in a thin mixed layer (~ 30 m). For example, marimum near
surface current velocities at Hibernia range from 60 to 80 cm s~! during late
summer and early autumn and from 45 t5 60 cm ™! in winter [Mobil Oil, 1984].
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- Labrador Current (Inshore): The west branch of the Labrador Current,
the less intense of the two (Petrie and Anderson [1983] estimate that it contains
10% of che transport), Hows south through Avalon Channel. It is probable that
most of the flow is then diverted offshore where it joins the eastward slope
current. The remainder (about 20%), turns westwards towards Cabot irait
[Petrie and Anderson, 1983). The flow then tends to move into the Gu)f cf St.
Lawrence and northeast along the west coast of Newfcundland. In the area
of St. Pierre, Green and Whale Banks, there is evidence of an onshore Sow
northward. Current speeds in that section range between 10 to 20 cmn s~ .

- Labrador Current (Offshore): The east branch of the Labrador Curreat
flows along the northern slope of the Grand Banks before turning south through
Flemish Pass. In the Pass, the Labrador Current follows the 200 m iscbath and
flows from north of the Banks to tne Tail of the Banks with an average speed
of about 30 cm »~! [Petrie and Isenor, 1983]. A portion of the current is then
directed eastward and joins the North Atlaatic Current; another portion flows
around the Tail of the Bank and sinks under the slope water. The current is
estimated to be about 50 km wide with excursions normal to the 200-m isobath
of at least 60 km [Petrie and Isenor, 1983].

- Grand Banks Circulation: The currents over the banks themselves are
weak and variable; velocities are generally less than 10 cm ™! [Petrie and Isenor,
1985]. There is alsc indication of the presence of a weak anticyclonic gyre in
the southeastern part {Petrie and Anderson, 1983].

« Flemish Cap: Over the Flemish Cap, the flow forms a clockwise gyre.

4.2.2 Deep Currents

Some of the features of the circulation at depth that may impact on ASW
operations are described in this section.
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Gulf of St, Lawrencs;

With the exception of the Gaspé Current, the Strait of Belle Isle Current
and the Cabot Strait Current, the flow at depth between 30 and 100 m is weak
and variable over most of the gulf. Below 100 m, there is no indication of
curents that could be significant for ASW operations. Areas of upwelling exist
along the north shore, the St. Lawrence estuary, the New Brunswick shore and
possibly, southwest of the Magdalen Islands {Sutclife et al, 1976).

- St. Lawrence Estuary: The outflow of surface water is mostly confined to
the upper 25-50 m along the south shore. An upsiream current lies immediately
below the sexward current, with ite core a2 100 m depth. Informaticn is rather
sparse on deep circulation.

« Gaspé Current: Curent meters have recorded velocities of up to 25 cm
s~ at depths between 30 and 100 m {Gregory et al., 1939].

- Strait of Belle Isle: The deep flow follows the same pattern as the surface
flow and is driven mostly by sea level differences resulling from meteorological
forcing. The bottom currents are constant across the strait, but are significantly
weak:r and less variable than the surface currents [Garrett and Petrie, 1981}
Currents meter records indicate a flow predominantly into the gull at depths
greacer than 35 m [Petrie and Warnell, 1988].

Scotlan Shelf

The deep circulation over taost of the Scatian Shelf is weak and variable.
There is an upwelling circulation off Cape Sable with a mean onshare current
of 2 cm ¢7! [Smith, 1983].

- Nova Scotia Current: The Nova Scotia Current maintains a constant
direction with depth and can reach a maximum speed of 20 em s™'. In general,
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the longshore currents tend to decrease with depth, but they have also been
observed to be nearly uniform through the water column [Anderson and Smith,
1988].

- Southwest circulation: There is a deep inflow of alope water through the
Nocthwest Channel which is at a maximum in late summer. The speed of this
inflow is about 10 cm s~! at 100 m decreasing to about 3 cm s~! toward the
bottom. An outflow current has also been recorded at depths of 100 and 150
m o the southwest side of the channel with magnitudes of 7 and 2 cm s~}
respectively {Smith, 1983].

Grand Banks

- Labrador Current (Inshore): The Labrador Current has been measured
st up to 50 cm s~ in the Flemish Pass and along the east slope of the Grand

Banks at depths greater than 50 m [Petrie and Warnell, 1988]. A current
parallel to the isobaths with speeds of 46 cm s™! and 18 cm s™! at 110 m and
380 m respectivei, is also present. Pact of this current flows around the Tail
of the Banks, where it sinks below 50 m, under the eastward Slope Current. It
then flows along the slope and into the Laurentian Channel penetrating into
the Gulf of St. Lawrence at a speed of 15 to 25 cm 8! [Petrie and Anderson,
1983).

- Labrador Current (Offshore): Bottom circulation inferred from sea-bed
drifter data indicates a south-southwest motion through Avalon Channel and
to the southeast. Once through the Avalon Channel, the flow is either along
the coast reaching into Fortune Bay or through Haddock Channel and then
westward along the shelf break [Petrie and Anderson, 1983).

- Grand Banks: Over the broad expanses of the Grand Banks, near-bottom
currents tend to be greatly influenced by the topographic variation of the shelf,
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Table 4.1: Principal tidal harmonic components (From Knauss, 1978).

The flow is relatively weak (2 to 10 cm s~!) and highly variable, although
generally towards the south. Over shallow areas, currents show an essentially
consistent circulation pattern with depth. Bottom currents are usually lesa than
4 cm ™! [Mobil Oil, 1984].

4.2.3 Tidal Currents

The tidal circulation can be quite significant. For example, in the vicinity of
Cape Sable, the M, tidal circulation is roughly five to ten times larger than the
mean circulation: [Smith, 1983]. Table 4.1 lista the tidal harmonic components
that have a noticeable effect on the circulation in the study area. Figure 4.17
shows the progression of the main tidal component (lunar semi-diurnal M;) in
the study area. A description of the main circulation features associated with
the tidal forcing follows.

Gulf of St. Lawrence

In the Gulf of St. Lawrence, tke tide propagates as a Kelvin wave, i.e.
as a very low frequency wave rotating about & nodal point (amphidrome) like
the spokes of a wheel. The amphidrome is a locriion of zero rise and fall with
cotidal lines (points of equal phase at any instant) radiating from it and rotating
in anti-clockwise direction [Pond and Pickard, 1963]. The tidal waves found in
the gulf are a combination of the tidal waves found in the adjacent open ocean
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and the waves induced by friction between the tides and freshwater output. The
most important constituent, the semi-diurnal lunar (M;) dominates the other
semi-diurnal components by a factor of 3 to 1 and the diurnal components by
factors of 7 to 1 or more. Using M, tu obtain a rough picture of the effect of
tides in the gulf, it is noted that an amphidromic point is located just west of
Magdalen Island {Godin, 1979]. The amplitude of the M; component is small
over the Magdalen Shallows and increases radially esat and north. The largest
amplitudes are found in the St. Lawrence Estuary. Due to the decreasing croes-
section, the range of the semi-diurnal tide progressively increases from 2.5 m at
Sept-lles to a value of 4.0 m at Tadoussac [El-Sabh, 1979]. As a result, surface
tidal currents near the mouth of the Saguenay are very strong with peak speeds
reaching 300 cm s~! during large tides {El-Sabh, 1675}

In the estuary, the currents induced by M; are mostly in the longitudinal
sense, with the exception of a transverse current that reaches 70 cm s™? at the
mouth of the Saguenay River. The tidal currents are oa the order of 100 cm
3-! on the north shore west of the Saquenay, and reduce to 50 cm s~! on the
south side. East of the Sasuenay mou‘h, ihe longitudinal tidal current is on
the order of 25 cm s~! (El-Sabh et al., 1979).

Scotian Shelf

Figure 4.18 shows the tidal current variability based on a model simulation.
The mode] resuile are in good agreement with the ohservations made on the
Scotisn Shelf. The main axes of the tidal ellipse are depicted. It can be seen
that strong tidal currents exist off southwest Nova Scotia with a peak magnitude
of almost 200 cm »~! in the esst-west direction off Cape Sable and gradually
shifts to an almost north-south direction over Georges Bank. Tidal currents of
sbout 25 cm s~! with no dominant sxis are found over Sable Island Bank and
Banquereau {Gregory, 1988).
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Figure 4.18: Tidal Current Variability on the Scotian Shelf from a numerical
model simulation (From Gregory, 1988)

Grand Banks

Petrie {1982] has shown that the tides are an important part of the circula-
tion in the Grand Banks area, since they account for 51% of the kinetic energy
for periods longer than 12 h. The prindpal constituents, M, S;, N,, K and
0, accounted jor 93% of the variance in sea-level elevation. The tide appears
to propagate from north to south. The largest constituent, M, has amplitudes
of about 0.30 m and tends to incresse at locations near the shore. S, and N;
behave similarly but have smaller amplitudes of about 0.10 and 0.07 m respec-
tively [Petrie et al.,1987)]. Currents resulting from the tiaes bave been estimated
to have a maximum speed of 28 cm s™! at adepthof 25 m, 18 cm s~' at 50 m
and 15 em s~} at 80 m in the Hibernia area [Mobil Qil, 1984)].
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4.3 Sea Surface Temperature

4.3.1 Regional Deacription

The sea surface temperature regime of the east coast of Canada is domi-
nated by the cold inflow from the Labrador Current. The other major factors
influencing sea surface temperature are the seasonal variation of solar radiation
and the immense heat capacity of water. The resulting slow heating and cooling
are responsible for the late occurrence of the summer maximum and the winter
minimum of sea surface temperature. The southern area is also afected by the
Gulf Stream which flows along the periphery of the Scotian Shelf and Grand
Banks. Meanders in the Gulf Stream and the warm eddies that are shed, occa-
sionally bring much warmer water onto the Scotian Shelf and southern Grand
Banks. The presence of sea ice also has an effect since the surrounding water
remains at the freezing poiut of sea water: —1.8°C. When the ice melts, it in-
troduces a continuous supply of cold water which delays the warming of the
waters until the ice is goue.

4.3.2 Data Products

Statistics

Statistics for the sea surface temperature are shown in Figure 4.19. The
data are from subareas representative of the three main areas under study

Contour charts

Mean sen surface temperature and its standard deviation in degrees Celsius
are displayed on the contour charts shown in Figures 4.20 and 4.21.
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Figure 4.19: Sea surface temperature statistics. (After Mortsch et al, 1985)
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Figure 4.20: Sea surface temperature for January, March and May. Contours
show mean temperature and standard deviation. (After Mortach ot al., 1985)
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Figure 4.21: Sea surface temperature for July, September and November. Cog-

; tours show mean temperature and standard deviation. {After Mortsch et al.,
. 4 19885).
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4.4 Water Masses and Fronts
4.4.1 Water Mass Distributions

Water masscs are parcels of water that can be recognized by characteristic
values of some of their physical properties, in particular temperature and salin-
ity. Ocean Feature Analysis (OFA) is used here to illustrate the distribution of
these water masses and their seasonal migrations. '

Water masses are labelled using the ICAPS water rass classification. Under
this designation system, the water masses found in the area under study are
the following: (from the coldest to the warmest)

o Labrador Current (LC)

o Cold Shelf (CSH)

¢ Labrador Sea (LS)

o Shelf (SH)

o Slope (SL)

e Transition (TRS) (Between Labrador Sea and Guif Stream water)
¢ Warm Eddy (WE)

The water mass distribution identified by OFA reveals the following pattern:

Gulf of St. Lawrence: Cold Shelf Water entirely occupies the gulf most of
the year, except at the end of the summer when it recedes gradually northwards
as the Shelf Water moves in. A tongue of Labrador Current Water which enters
through the Strait of Belle Isle and extends into the Esquiman Channel is also
a comumon feature throughout the year.

In the Gulf of St. Lawrence, there is good evidence to suggest that increases
in temperature are associated with decreases in salinily and decreases in tem-
perature with increases in salinity. This follows from a correlation showiny: that
high runoff years are associated with high temperature years and that miumum
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salinity on the Magdalen Shallows varies inversely with the estimated April to
June runoff from the St. Lawreace watershed.

The fresh weter from the St. Lawrence moves seaward and mixes with sea
water to form a low salinity surface layer in the southwestern portion of the
Gulf of St. Lawrence, stretching from the St. Lawrence Estuary to Cabot
Strait [Sutcliffe et al., 1976]. This Iayer eventually flows out through Cabot
Strait and is the major contributor to the total outflow. The magnitude of the
outflow is sufficient to replace most of the volume of water on the Continental
Shelf between the Laurentian Channel and Cape Cod each year.

Scotian Shelf The Scotian Shelf is completely covered by Cald Shel{ Water
during the winter. During spring, warmer Shelf Water gradually epcroaches
onto the continental shelf and at times, tongues of Slope Water and Warm
Eddies 1each the edge of the shelf. Shelf Water eventually covers the entire
shelf area by the end of the summer. During the fall, the reverse process takes
place. Cold Shelf Water gradually extends from the coast towards the shelf
and the Sheif Water may be reduced to a narrow band that allows Slope and
Warm Eddy Waters to reach the shelf. Occasionally (mostly during spring
and summer) these Gulf Stream rings which impinge on the saelf edge cause
anomalously warm, salty water to be present at the surface [Anderson and
Smith, 1988].

Water properties: The water which overlies the shelf is comprised of mix-
tures of water of various sources:

e surface water flowing rom the Gulf of St. Lawrence through the westerm
side of Cabot Strait;

o surface Slope Water;
¢ intermediate Slope Water (100 - 150 m);

o subsurface water (100-150 m ) in the Cabot Strait, possibly of Labrador
Current origin;

o deeper slope water (200-300 m).
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Figure 4.22: Water properties acroes the Scotian Shelf (May): a) location, b)
temperature, c) salinity and d) density (After de la Ronde, 1972).

As a rule, the proportion of Gulf of St. Lawrence Waier is higher near
the shore, and the proportion of Slope Water increases with offshore distance
[Anderson and Smith, 1988).

The coldest, fresher water is found adjacent to the coast. Warmer water lies
below and offshore, but its higher salinity gives it a greater density than the
coastal surface water. Thus, isopycnal surfaces generally shoal in the offshore
direction over the entire section as seen in Figure 4.22, which is dynamically
consistent with a southwestward, geostrophic, surface-intensified coastal cur-
rent. Lower salinities are obaerved in winter (December) in the inshore zone as
compared to the spring (April) conditions which reflect the recent passage of
low salinity water from the pulf.

The main ocesnic features affecting ‘he water masses of the Scotian Shelf
are the Nova Scotia Current, the Czpe Breton Current, and the Slope Water.
These are for their part directly affected by the Labrador Current, the Gulf
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Stream, and the freshwater discharge from the St. Lawrence River. In addi-
tion, on-site meteorological factors, such as solar heating, wind patterns, cloud
cover, precipitation, and evaporation further modify these waters (Sutcliffe et
al., 1976]. Labrador Current Water is found on Banquereau occasionally, but
there is no evidence that it reaches farther south.

Grand Banks: Labrador Current Water can be found throughout the yeer
along the east coast of Newfoundlard and as a tongue of water that extends
along the east edge of the Grand Banks. The Flemish Cap is covered with
Labrador Sea Water during the entire year. In winter, Labrador Current Water
gradually covers most of the Grand Banks and extends all the way to the
Laurentian Chanuel. At the end of spring, the reverse process takes place.
Cold Shelf Water gradually moves north and east until it occupies the entire
Grand Banks in the fall. Occasionally, Transition Water and Warm Eddies
reach the edge of the southeast portion of the Grand Banks.

4.4.2 Front Location Chart

The main front in the area is associated with the cold Labrador Current
which is bounded to the west by the warmer Shelf Water and to the east by
the warm North Atlantic Current. The current itself is ~ 50 km wide [Isenor,
1988] and its position can shift up to 60 kin, as seen in Figure 4.23 which was
constructed from satellite imagery.

4.4.3 OFA Charts

OFAas for each month of 1989 are shown in Figures 4.24 to 4.27. These
charte do not show average conditions, but the overall pattern of the water mass
distribution and migration is fairly representative of what can be expected any
year.
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Figure 4.24: Ocean Feature Analysis for a) January, b) February and ¢) March.
Contours show boundaries of the water masses and digita in squares indicate
average sea surface ter perature (From CF METOC Centre).
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Figure 4.25: Ocean Feature Analysis for a) April, b) May and ¢) June. Contonrs
show boundaries of the water masaes snd dizils in squares indicate average sea
surface temperature (From CF METOC Centre).
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Figure 4.26: Ocean Feature Analysis for a) July, b) August and ¢) September.
Contours show boundaries of the water masses and digits in squares indicate
average sea surface temperature (From CF METOC Centre).
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Figure 4.27: Ocean Feature Analysia for a) October, b) November ¢) December.

Contours show boundaries of the water masses and digits in squares in
aversge sea surface temperature (From CF METOC Centre).
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4.5 Temperature and Salinity Distributions

The area is characterized by a surface layer which has salinities that are
lower than the water beneath and lower than the surface layer waters further
othore. This low salinity (24 to 32 psu) varies between locations depending
upon the source of fresh water present. The inputs of less saline water tend
to vary seasonally as weil as for a given location. Salinity reaches about 34
psu below 200 m and is relatively consiant throughout the area throughout *he
year.

Surface temperature fluctuations are typical for areas at this latitude. Max-
imum surface temperature occurs at the end of the summer (September) and
minimum at the end of the winter (March).

Gulf of St. Lawrence

In the Gulf of St. Lawrence, the development of a shallow warm layer is
obeerved in the summer with the lowest average temperature occurring in the
estuary and the highest in the Magdalen Shallows. Freshening of the near-
surface waters due to the freshwater runoff of the St. Lawrence River is also
evident, particularly during the spring in the estuary where the salinity de-
creases to less than 24 psu (Figures 4.28 and 4.29). The freshening process
generally occurs later in the seaward direction. For example, it occurs in iate
August or September in Cabot Stiait (Fig 4.30). The coldest surface water in
the estuary is due to enhanced upwelling and vertical mixing of cooler, deeper
waters [Petrie, 1990]. At 50 m, the temperatures are generally less than 2°C
most of the year. Below 50 m, the temperature rises to 2 — 3°C at 150 m due
to the influence of Slope Water from the Atlaatic Ocean which enters the gulf
through Cabot Strait. It can be recognized by the higher salinities which exhibit
more "oceanic” characteristics (= 34 psu) below 150 m. Salinity aa well as tem-
perature, show small changes either spatially or temporally at greater depths.
The characteristic flow pattern through Cabot Strait is also apparent from the
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Figure 4.28: Mean surface salirity for the Gulf of St. Lawrence in a)February,
b) May, c) August and d) Nowmber (From Petrie, 1990).

lower salinity of the water above 75 m on the west side (outflow) compared to
the eest side (in%ow into the gulf). Similarly the circulation at the entrance of
the estuary is marked by lower salinity on the south shore associated with the
Gaspé Current (Figure 4.31).

Scotian Shelf

Traces of the freshwater outflow from the St. Lawrence can be observed in
the surface layer of the Scotian Shelf Water in the form of a pulse of minimum
salinity (~ 30.5 peu) in the fall as seen on Figures 4.33 and 4.34. The positive
salinity gradient with depth is therefore not as strong as it is in the gulf and it
occurs while the seasonal thermocline is well developed. Therefore its effect on
the sound speed profile and the propagation patk is not as significaat. The low
salinity surface layer generally extsnda sppraximately to the 2000 m isobath on
the slope where a sinucus front separates the cosatal waters from the warmer
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Figure 4.29: Time-depth distribution of the monthly mean temperature and
salinity for the St. Lawrence Estuary (From Petrie, 1990).
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Figure 4.30: Time-depth distribution of the monthly mean temperature and
salinity for the west side of Cabot Strait (From Petrie, 1990).
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Figure 4.31: Monthly variation of the surface salinity and temperature in the
a) St. Lawrence Estuary and b) Cabet Strait (From El-Sabh, 1975).

and more saline (> 34 psu) oceanic water offshore (Fig. 4.32).

The maximum temperature of the surface layer is reached in late summer.
The highest temperatures occur over the slope area in July. The high temper-
atures gradually extend to the middle section of the shelf (Sable Island area)
and finally reach the northeast portion of the shore by September. The cold
middle layer found in the gulf is not present on the shelf. Ino the basins, the
deep water remains at approximately 8°C.

Grand Banks

. The waters over the Grand Banks are similar to those found to the north on
the Labrador Shelf where these waters moetly originate. The salinity usually
reaches a low of ~ 31.5 - 32 psu in early fall coincident with a pulse of low
salinity water associated with the spring ruroff from Hudson Bay which moves
gradually down the Labrador coast (Figure 4.35). While lower thaa in the open
ocean, the salinity over the Grand Banks areas is however higher than that on
the Scotian Shelf and in the gulf. Salinity gradually increases in an offshore
direction. Temperatures range from the freezing point in winter (- 1.8° C) to
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Figure 4.32: Mean surface salinity for the Scotian Shelf in Februacy, May,
August and November (From Drinkwater and Trites, 1987).

£

Figure 4.33: Time-depth distribution of the monthly mean a) temperature and
b) salinity for Emerald Basin (From Drinkwater and Thites, 1987).
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Figure 4.34: Time-depth distribution of the monthly mean a) temperature and
b) salinity for the Banquerean Bank (From Drinkwater and Trites, 1987).

highs of 12* C in summer. A seasonal thermocline builds up in the summer
with the strongest gradients of temperature found over the southerc part of the
Grand Baoks and St. Pierre Bank.

The bottom water is a higher salinity water which has moved onto the shelf
from offshore. It has an average salinity of about 33 psu and temperatures
around 3* C with the occasional intrusion of warmer and more saline water
over the southern Grand Banks (8° C and 34.5 psu) from the North Atlaatic
Current. |

4.5.1 Temperature Profiles

Typical temperature profiles for six months of the year for the moet rep-
reseutative subareas of the region under study (Figure 4.36) are included in
Figures 4.37 to 4.87. The graphs contain profiles of the mean values and the
valiies at plus or minus one standard deviation from the mean.

4.5.2 Salinity Proflles

Salinity profiles for typical winter and summer conditions for the subareas
of the region under study are included in Figures 4.37 to 4.87. The profiles
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Figure 4.35: Time-depth distribution of the monthly mean temperature and
salinity for the Avalon Channe] (From Drinkwater and Trites, 1986).

include a plot of the mean values and the values at one standard deviation from
the mean.

4.5.3 GIS Data

The complete temperature and salinity data set for all areas shown in Figure
4.38 for the 12 months of the year has been included in the GIS data base. Any
profiles can thus be viewed or printed as required.

4.6 Sound Speed Profiles

The sound speed profiles at all locations shos large changes between sea-
sons. This is due to the formation in summer of a strong thermocline at a depth
of 23-50 m which resulis in the formation of a surface duct that practically iso-
lates the bottom layer from the surface. In the winter, a strong positive speed
gradisnt exists in most areas which results from the surface cooling and the
erosion of the thermocline.

Sound speed profiles are computed using Leroy’s equation {1969] for each
ares using the available temperature and salinity. Figures 4.37 to 4.87 show
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Figure 4.36: Subareas for mean temperature and salinity calculation.




the .esulting profiles for six months of the year for the most representative
aress.

It should be noted that the spread about the mean shown is not a valid
, statistical quantity, since it is computed from values of temperature and salinity
2 at plus or minus one standard deviation. However, the lowest salinity will
) : pot necessarily occur when the lowest temperature is observed and vice versa.
Nevertheless, sitice the fluctuations of the temperuture about the mean are by
far the dominant factor which cauces fluctuations in the sound speed about its
mean and since in most cases, the variations in salinity are small, the curves
obtained are judged acceptable to give an indization of the spread in sornd

speed values that could be observed.
4.6.1 GIS Data
L The comaplete sound speed data set for all areas shown in Figure 4.36 for
,: the 12 months of the year has been included in the GIS database. Any profiles
3 can tkus be viewed or printed as required.
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Shelf area #29: Northeast Channel.
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Chapter 5

Biological Activity :

5.1 Commercial Fish Species I' ribution

The area under investigation contuins some very rich fishicg grounds. Nu-
merous coaunercial fish species are found ia large quantities.

5.1.1 Fisheries Statistics

T e I o R i I

The statistics for the fisheries of this area are regrouped geographically in
the statstical divisions of the North Atlantic Fishenes Organization (NAFO)
shown in Figure 5.1. The main commetcial species are Lsted in Table 5.1 baw!
on the nominal catches averaged for the years 1930 to 1986 ~id the projecteu
Total Allowable Catch (TAC) averaged for 1987 to '. 4. Further descniption

of each stock and its importance is given in Telies 52 to §.5.

5.1.2 Fishing Area Maps

The maps in Figures 5.2 and 5.4 ( Groundfish) , Figure 5.6 (Flattish),
Figure 5.9 (Pelagic species), and Figure 5.10: (Shellfish}, shew the distnbution 3 j‘
of the main Canadian Atlantic comunercial fishery species. Iishing areas, gen-

eral distnibution, as well as known key fishing arcas and spawning arcas aze &
identified.




54 ok et aate! ey AP S AP PG AT s Bt i e i /e

Species Mean Catches | Median TAC | Occurrences in Fushery
"3 1980-198¢ 1987-1993 | Inshove | Offshore
{'000 tons) {’000 tons}
Groundfish:
Cod 598 835 Yes Yes
Redfish 97 160 Ne Yos
' Silver Hake 70 109 Yes Yes
Pollack 56 42 Yes Yes
: Haddock 51 2 Yes Yes
Pelagic:
Hernng 203 232 Yes No
Mackerel 40 a1 Yes No
B Capelin M . Yes No |
- !
AR Flatfish: ;
AR all (5 species) 107 210 Yes Yes :
F Lo Yellowtail 2 15 No Yes ;
: Plaice 59 55 No Yes !
Halibut 28 . Yes Yes ;
Shelifish:
Lobster H Yes No
Snow Crab 35 Yes No
Sea Scallope 70 Yes Yes
. Table $.1: “ommercial fish -pecies. Mean catches 1980-1986, median TAC

1987-1993. (From D. Rivard et al., 1988).




Figre 5.1: Statistical divisicas of the NAFO convention area

Seasonal Distribution-Grand Banks .

Seascnal fisheries activity for the main commercial species of the Grand
, : Banks compiled by Mobil Oil [1984] from the available Fisbenes and Ocean
E ’ data has been included as follows:

1 e Figure 53 : Cod

1 e Fiyure 5.5. Redfish

| o Figure 5.7: American Plaice
o Figure 5.8: Yellow Tail
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i 93 % Dwasatsc
Scotiam Shaif aYWwX [} 42 Migret; a © Jmoumalan( < I yenss)
| W late spring fram e umhare
| US east comm
| Ratww 1 late (ol Mature O fabore
Hmcidocic r
63 % Dosestx
dten Shet! '
Central “ww 12 $ Wnter mte Gulf of St | Spawming Emarald '
Lawrence. wad Weslarn Basues ;
Back  Apn)May !
Browns Bask X n 1t Ware Browrs and
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Table 5.2: Fish stocks statistics: cod-haddock-pollock. (From Rivard et al..

1988).
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Figure 5.2: Key fishing areas: a) cod, b} pollock and ¢) haddock. (From Scar-
ratt, 1082).
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5.2 Marine Mammals

$2.1 Mammal Distributioca
Maest f not all el specaes premat i the Northwem Atlentxc can

be seon m the sren wnder tudy. Figwe 3.1] chows the gemaral distnibutoe
of the sls amd cotecesms of the Canndion enst const. Thhie 5.6 bets those
mamemls wnd mciedes mformation o8 arwe masumel dwtribetions oo the
Grand Banks as compiled by Mobil Od [1534]. Fmally the deta extracted from
whaling actrvity ~woords aa the Sootian Shelfl | Sutcidie and Brodie. 1977 yyeld
wicrmetion an some of the specims ‘vumd on the Scotima Shelf (Table 3 7,
exchusi vely 10 & few lnryge spocies that sse conumon ce the Scotms Shelf.

The data for cae Scoten Shell ase qparse, but they revenl 2 few aguficant
focts. Concemtrations of balssn whals are located m somse 0 J0r mbets sucs a0
the eatrances 0 thr Emerald end Rosrwoy Bamas snd the Narth East Chansal.
Thanse whale concsutsetions are reinsed 10 dagher comcentrations of scopiankion
(end pachaps fish) cn the edges of the boaks rather than on Wop of them.

Seal dintribution
Semme wiormet:on en ssal species distridestion » comtassed 1 Tabie 3.8
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Figwe 3.11: Ganernl dastribution of a) senls and b) cstanenns off the eant const

of Comndn. (Prom S-sratt. 1362)
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Beudia, 1977)
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5.3 Biological Sound Sources

$.3.1 Noise Characteristics of the Seund Producers
3 Sevaral apecies ase hnawn o produce sound i the fregumncy bands thet are
X. covesud by pamsive scoustic masess. The mmin epecias comtributing %o ambsent
- aeise and ssmee charecteristios of the neise prudnsed ase described in Tobles 5.9
3 and 510
5.3.2 Spedific Noiss Producers

e whale

The fin wvhele which & sspected 00 produce & characterintic 30 Bz signal
s aswn (o fequent the const of Nown Sostie = sumeser and ol These 20 He
sligs show the following chasectacintics (fregumcy of ecowrvance m bracihets)
[Schevill et al, 1904}

® - 12 s interwal, equal amplit=de( $9-80%)

o - 23-18 s dashinie large amplitude pulse followed 13 ¢ by o soalier amn-
plituds puise, the puir repaating 12 o later (30-30%)

o - wiscallanseus (large veristy of deubists (15-39 %).

Blas whale

The diue whals can produso the lowest and mest ponwrful counds amstted
by & satursl ssures: 2p to 37 3, 28 Hs, sveraging 198 4B, with lowast Seguancies
sosanded at 12 Es (resssder Gumit).

8.3.3 Frlse Target Charecteristics
Fish

Valuss of vasget strwagth of fsh Zor ¢ 10 kits senar ase gvan in Figure
812 Urick {2000 astes that fish withewt & owin bladder (a.g.. machessl) heve
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Figese 512 Trgst streagth (dB) of fish as a fynction of fub leagth for a 10
kils semes. (Afer Urick , 1983)

& tasgt strength some 10 4B lower than thess that de, such o ad

Masssnels

Indermatia en the taxgst stoength of whales s sperve. Oue chesrwatica
shosed that & amall whele of appruximetely 10 m had & targst stremgth of 2
dB st side espect.

Additionsl mferwmation en the fhive target chasactenstics of some fishes or
mammals v containsd i the cdemified snnss of this decenent.

5.4 Desp Scattering Layer

Neo specific infermation for this asve is swilabie.

3.5 Bioluminescence

Same indevmation en the fales targst chaseciaristics of samne flsbas or meme-
male s eontained i the ciaesified sanex of Uhis decument.
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Chapter 8
Commercial Activity

6.1 Shipping
6.1.1 Shipping Lanes
Impertant shipping activity taku place aleng reutes leading %o the main
pures of the Maritime Pravinom, Gulfl of St. Lowvene snd mlsnd, sleag the St
Lowsmes Sovwcy. Ngwm 6.1 saad 6.2 chow the main shipping lanes cutting
the ssen.

An cbwviows ssssvpal dfissense i thw resbeced treflic in the galf i winter
dun S0 ite covur and the ssnthuurd displassncet of the powfarred shippng lane
ovee the Corund Danbe to esvid isbargn. The ship donsity chould be highar
o the g wal visiity of these soutes and asar the sppreaches 10 parts wmch
oo Baldex snd S Judn's. and in the southuest Nove Scatia sugion whare the =
cwbined wallr .7 wr Gulf of Maine (Nerthen New England perts) and the ?
Bay of Pundy s~ o~ sing the e foen sousen: 3lic dawaity ol be high aleo
m the gull snd pastiaiuely i the St Lawsence Zatwesy.

6.1.3 Main Perts Charts

Tho main pevts fur 2ach of the subavess ase chowa in Figueres 6.3 for the Golf
of 0. Lawwence, 6.4 Sor Ue Sesting Shelf snd €3 for Newloundiend Some ]
porte in the Beg of Pundy and along the St. Lawsnce River wp (o Montreal are
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and Jeamecy. (Adepted frema Defonce Maepping Agoacy, 1588).
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P €2 Pwimrad shipping sontes om Fobrawry to Juoe. (Adapend fem
Dalsnce Mapping Aguacy, 1930;.

|

incinded since the traflic tary gansete will toamsit through the sses of intevest.
6.1.3 GIS Deta

The pevfersed chigping lame describud in Section §.1.1 ase inchoded in the
GIS en & ssassnsl basin. The mage of the main ports from Section €.1.2 hove
olee boun incleded in the CTS dataduse.
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6.2.1 VFishing Activity Maps

The location snd inpertanse of fubing flasts dopand an the lecetion of the
fad stachn. As & remuit, the mfurmatisn en the main commercsl foh spece
dintyibutions provided m Soction 3.1 can be wsnd 28 a0 mdicataon of where
the fishing offort will tade gince. In addition. Fignom 6.6 and €7 attampt 0
sammmeriss the overall fishing activity for beth demmtic end foragn flerts =
the ssen of mterem.

6.3 Offshore Petroleum Activity

63.1 Offshere Petroleum Rights Map

Figues 63 and €S dhow the wwms of Nows Scetin sad Newiomndiond whare
petwnionm explosstion er preductisn sve Enly to occur during the sext decade.

6.4 Oil Production

Tws main srens have shown petantinl for commercsal developmest an the
st coast of Caneds: the Sebie hinnd rapa: snd the Hheraia Seid

Ribereia Seld

The Nheraie feld wes Secsvened m 1973, R is locoivl o the aorzhenstern
Geand Banhe appoesimately 313 ki southenst of S2. Johan's (Yigure 6.10). The
Sald covers sa sven of sppsaminandy 239 squce hilussstses and » belisved 0
cmtain betwens 223 and €30 millien burveis of ssovvembie c m twe ressrvomws
- the Sen Nevio- Awisn and Ebasin Besine.

Thn drvelopmant project wan anssunced s 1900, with preduction plameed
o start in 1830 snd ponk = 1208 24090 o’ por day [EMR Cansda, 1989].
Ths psodustion will tahe pinse mestly bum 2 bugs strectwse knows o & gavniy
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Figase 6.7 Demestic £-hwry mdicated by flont Estrivetion: o) Sewmmmer, b)
Wmter. (Dets bom Fiheres and Ocenss).
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Figmse 6.1¢ Hhernia sesarveir map chowing poepesed devalopment well lagout.
(Poem the Connde-Newisundinad Petseioum Bosrd, 1900).

base structwse (GBS) that will be toned to & site amar 40°8°N and 45" W. _ '
The structuse will weigh seme 450,600 tannss and will be abie o0 stare wp 0 1.3 '
millicn herrels of ol (Figuse 6.11). Ferty-cight wells will be drilled from the
stracture, and wp to 33 additional wells may be drilisd beyand the range of the
platierm by fSnating rigs. Them wolls will be Stsed with & subsss weilhwed and
canmected 10 the GBS by o subusa gipelime. Oil will be transfarred 10 tambers
threngh twe ofishase lsading systams locatud tws kilometsos frem the placiorm.
3 Thipping activity reiated o el production will conmat of o shustle Soet of
theee cupply vemuls and thres 120,000 dendwoighi tonne tankers which will be .
ahles to cacry A30.000 barsebs of ail l
b3 Aa sppwucishis smeunt of seise geusated by there activitios » thesufore
axpocted dering the 18 yeur e of the poogect. f
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Figase €11: Hbersin peoductios systems compensats. (Prem the Canade
Newioundiand Petreloum Board, 1998)

Sebls leiond Field:

OR explerstion bos taken place en the Scotien Shelf amce 1988. Ges »
the main sesewoe s this aswn. with a currest estimete of 162 x10° m®. OJ
discovarios are estimated ot 23.7 x 10° o’ [COGLA. 1988]. The prune candidaste
for preduction is ot the Cohnesst /Pasube Field. whese recovery of 5.5 = 10° =’
of light ail is planned (Figure 6.12).

6.4.1 Noise Characteristics

Ol rig asise charactaristics ase mcluded in the cesnfied sanex 1o tes gude.
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» Chapter 7
Acoustics

Acowstiz bettem less proviaces ase determined from the resaits of ASW
battom lem surveys, or frem the geacsustic pacesnstars of the sodimants. In ;
asens whase 2o mmewsanets have boss made, provinces are dotaranined by ex- 5‘
‘ physiopephy. and sufcal grlegy. B
7.1.1 High Frequescy Bottom Loss
u The high Soqusacy botrom lee informetien i incheded m the claentied
aamex (o this decammnt.

7.1.2 Low Prequescy Bottom Loss 8

A2 low fooguuacies (< 100 Hs), the comnpilation of off bottam less mensuve- F
mente sveilable showe thet thaw muassssmemis tend to ll wsthm £ S dB (1
standard devinting ) of the menn wine (Figawe 7.1). The segrisve lossns ot low
angle are dus %o upward siraction of ssme sonnd aneryy withm the battom,

, which revults in an cabsncomant of the sound m the watar [Unck, 1963 F
4 ;
! m 1




Piguse 7.1: Rasulio of coppiietion of bw Segesacy (~ 100 Hs) messsaments of
bottom lam. The duched corvew shew Bmitn of e standesd dsnstion (Pem
Cixistanmn ot ol 1973).

Additisnal Jow Soguency bettem loms infarustion is costaimed i the cdes
oified enmax %o this decemanss.

7.2 Ambient Noice

Zelncomsins ot al. {1987] compisted an emniyels of ambiset moise lewel
measusecasvts made by remarchers from the Deltars Ressarch Rstebliahessns
Atiastic (DREA) botweon 1972 end 1988 The sasusemsnts ware toims owr
the Scatian Sheif, the Laweation Chaapel, ths Gremd Basis, vl the Flamish
Cap. The resmits comsist of enpectad sonbiont rwise levels ot seven sndecond
Sreguanciex 30, 48, 60, 150, 300, €00 and 900 Hs for the regions mentionsd
and, whare pomidis, br diirest soasess. Wioa seearel hpdrophesss ware
ooulabin, the ambisnt soise loval fem the hydrephone lncased ot mid-dupth,
¢ (a8 ere clnsast to mid-depth, wes sslecond

Wind-asies cerreiation

A Uinser sagremion betessn the asiee lovel end the wind strength was mend
0 evmhiich the wind dcpendency Wind sud chigping ectivity sve wanlly the
mect impectat acise genwnting mechanisre. [a slnllow weters, however, ship
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Table 7.1: Avecage ambiost asise poow loveh s the Lawentan Chacnal m
Jemuary 1853 (Poum Zelacowsine ot ol., 1667).

gonssuted saise hee culy & vary imited spatinl snd Mumperel impact. The
wind-esise carvelotion is thesufove & ase usslel ndicater of the erign of the
moesused nsise (Zelusensln ot of , 19671
72.1 Gesgraphic Distribution
Leuvestiae Chennel

Oue long-teras asshinat ssise menswsesnet sade i the Lasention Chamnal
during Jomseary 1983 has pooduced the sesnite lsted is Thhic 7.3.
Grand Danke

Table 72 cantaiss some etatistics e ambiont Asise brvals for the Grand
Benks sites. The emnll sumbher of meenmemssts and their waeven ‘enpersl
distribution did ast allow an anclysis en & exassnal basie.

Sootian Shell

Thoe vess sufliciont esewanents frem the Sestion Shell pagien w0 obtain
studintion] wiumn for twe dfiment cssesme. Thhiy 7.3 Nete the statinticn fur
ambisnt 2oine is viter and Tabie 7.4 the statistics far aunmer conditions.
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Tahis 7.4 Statistics for sschinat aswe : summer wwesvge far Scotinn Shalf (11
ompin). The swats viad spesd wus 8.2 tnete (Prom Zobasnmslns : ol
1887).

»e

Namish Cap

Tabis 73 grees the o> ambiest asise chesrved Sem hydvaphanss locased
ot tun depthe (98 ad 146 m) o the Piamish Cap.

723 Cummistive Distribetions

The cummistive distributions of the ssmbinat teine lrvels far aach sufected
faganncy we sdhoon i Figwe 72 for summar. viter snd the yowr sveraye
weing dats focmn ol assss. Ou this type of gragh, the sermal dntribution weuld
sppeg 2 ¢ shenight dingaand Hee
723 Rameris

Based ea the vesnlie chown, Zolesumshes ot ol [1987] mmade the fallowing
chamrvations eu the amdinst ssine chasacterintios in the present aven of mterest:

o The hrge scastor of the resuits can Yo dus to the comtributaon of the chip

ssine and the inflemes of the local sssustic prepagntion.

: o Ambhiomt neine lvwsls ase fram 3 0 9 &5 lvwwr = sumener thon = v drw
4 %o the pesswr pospagstion canditiens s summmer, vhen the thenmechae

Cad A I el l B Bl o

S Ak s incthCindalt




Sumbslive Prebadlity ()

Cundotivy Prodediity (8)

Pigoe 72 Cwandative dutribution of smbiont nsise en the easters Canadisn
cutinmmtel shell a2 2) W B, b)) W Min, ¢) D Exs ond d) O Kz (P
Zelesavsins ot ol 1937).
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1 Tahie 7.5% Mosn apbiont =2ue lewels for Flamish Cap. 02 33 = and a8 the
i botsem (depth 145 m). The mese wind spesd was 10 kasts. (Frem Zolarawsinme
o ol 1987)
bands the propagnting cags dovewasd which imcrensss the abserptuon of
soumd by the bettam.

o The smbisat scise lovals o2 fromnencies of 130 Hs and below v mmch
hmer an the Grand Bende than en the Scntinm Sheif the lrvels dier by
- s munch 8 14 dB ¢ 45 Ka. Zelmcuusins [1996) conciuded that & hagher
shoarptina by the bettom m the Ceand Baghs esrs wes m large part
swpeamhiz for these lower neiss rvuls.
o The wmrinbility sppmss hmsor an the Scetian Shelf then on the Geand
Dunks; & meve caifers shup dstnbution. and/or the propagation of shep
mee.

_' o Shipping soiue muy ceatibete to the amboon) nee of Seguences of wp 0
- 928 N, particelerly in wasser. Thee mdicaten & vary bigh duppmg asee

1 73.4 Other Deta Sets
sifod smmex of ths decment.
-
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7.3 Propagaticn Loss

wwe cenducted by resssrchers fram DREA owsr the lant 30 yenrs on thes part
of the comtinental shell Seme of the resuits citeined ave mcluded m thes
docuzent. Thwer exampies of actunl messussyants sse mtended 10 provide a
bound overview of the ansting ssund prepagation canditions and thewr dagyee of
warishilicy. Partharmose, they ilustrate the compies mtarsction of the different
warmbles of the botteam. the water mams and the ssa ssciace thet affect scand
poopacetion. Taser catugoras of cxamgles ase wand:

o Seassnal warmtions ot cae lecatien

¢ Smooth rough hotram conpariess

¢ Typical canditiaps for geagmphec arens of mtarest.
7.3.1 Sessonal Comparisen

A ssrims of progagation oes ressnseremnts smde ovar & 173 I track aa \he
Scotaes Sheifl s wed to illustrate the wristions @ round propagation cemsed
by the consupal changs is the soumd veleaty. The measr-emants were mude
ovey & sactzon of the Oweer Shulfl physsgraphec regron. Aleng the tmack. the
water depth vasm betwoms 30 ond T3 m and the botiom » compased of
twe uncansebdated sedment lnpars whach csser the bedrock besmsmest. Thene
Japwrs consent of Sabie lened Send end Geumal (3 10 21 = theck) evariymg o
hagar of Scotsam Shall Dt (2 %0 13 = thack). Due 10 wn wiians = the path of
the ssuror shup tosurds the secwver acrag. the swasaw and wwter tracks ware
sightly diisrant. Fapuse 73 shews the bathywutry and the bottom strectwre
slong the twe tracks. The diwence m the ot propertes » also shows
As expeciad. the vmter somnd velsaty prefile » shghtly wpeord refracimg,
whesens the russsaer poefile 8 darecsarswd by the prsssnce of & mam surface
lager shove & well deedbaped tharmrnciee
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Figwoe 7.3 Schamatic diagram of the bottem streuctuse and bathywetry along
the unch followed durmag the propegation lom sarvey an the Scotem Shell o
a) sammner and b) waser. The pontsons of the XBTs arw also wdncnted The
uniting sound spesd prelis slvag the ttack ate showa for ¢) scnsmer smd d)
wwser. The tack marks st the wp sufer 10 & sound apond ¢¢ 1430 m s™' = wamter
ar 1300 m »~' = smmer. The raage ot wisch the Measurcanests vare meade
wmdicated by the stermaction of the prefies with the bettom (From ( _epman
and Dho. 1203).
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Pigme 7.4: Messured propagution law versms rengr over the Scotwes Shelfl. for
saiected froguencass: &) amnl b} wimer: ¢) and d) cunmer. ‘The sswree depth »
37 = and the renwver dupth © 30 ;. {Promp Chepmen and [T, 1982}

The seusused poepagation lese vwras rengr plots m Figare 7.4 chow some
cignilcant diffrannm. Az exported. the prepagetias guaerally axtends to loager
mnges in wimter due to thy pentive gradiemt of ound epesd. la pertacwies. ]
the prussnce of & Seguency mage of cptammam propagataon beswums 100 Hi 5
and €08 Hs ot ronges beysad 30 kb » ssted AL hagher oguwncw houwrver,
the propegaten sppears %o be bettar m summmer. thes could be releted 10 the t
mcvesned smpertance of the surfeor roughmens s & lows zchemms o thee !
frogurncies. During the expenmest. the vesw bagit vas estimated %0 be | m
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I wmter and appsoximately 0.5 = i» senmer [Qepman sad E5a, 1982].

733 Topegraphy Basad Comperisean

Ansther srims of propugstion loss reas was nde aleng two radial tracks
foom a secsiving arvwy a8 & ot en the Scotinn Shell Ome track was over &
amoot) sabed and the cther ower & reugh sssbed (Figase 73).

Senset) ssubed

Figue 7.8 shows the “Sruguancy sscraged” propagetinn lem varsws renge
secarded o the bottom hydvegphons The “Guquancy sverage” o dafined
the antheastic aman of the prepasption lem, m dechels, of the octase bands
cmnteed em 32, 6.4, 101, 1€.0, 234, 403 €604, 101 4 1613 2340 4084, and
6451 Bz The sunbed s racher Snt along the track, but the sedimant thecknan
mcsemnes gradually from & fow metses o e than 10 . The woumd speed
pouliias mdicase that & ganeral dowennsd refraction of the seund enorgy sheuid
vocer and hence resuit i & strong betiem mtwnctioa. No ebviows corveleton
betwem the propagntion lom and the codisnant thicknem amergee.

The emalysis of the propagntion lewm 2o & fnction f frequency (Figure
1.7) shows thet st short ramges, the scoustac propagaton loss wcreascs wrth
mcssaniag freguency theonghont the frepecy damemn. AL longer reages. the
Prontest lossms occwr 9 the ragios of 3 w0 10 Hz. Thee w commstent with mode
theery sinos the cot-off fregeuncy for tee depth of water s m the froguency
bend. Bolow $ Hs. the reduction i propegetion Joss conid be amacated wrth
cumgearnenal, shear or imtenfnce wuses whach peespagete @ the botiom lapers
[Stasl und Dashernais, 1989].

Evugh seabed

Figmwe T5(b) cutlimes the botiam epagruphy snd the sounsd spend struc-
tuse for the vecond tredk. The topagaphy showa u very rongh and the sodament
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Pigwe 7.5 Seabed degth, bedrock drgth and swnd spesd profiles ae a functios
of distance frem the swoerrng hydrepbans srvay for the &) amooth ssabed, and
b) the rengh smbed The twe hydropheuns vesd are shovn a9 8 symbole. The
sound rpesd poedies from the XBTs am aise sheown. The refrvnce ticks drawy
ot the tep of euch cound spond trase imdicaie & vedur of 14683 m o' (Prom
Stand and Deshernnia, 19089).
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Figase 74 Aversge propagation lewm for fraqeencs from 3 10 €643 Hz, wsing the x

hydrephone ot 734 = (marbed with 8 symbal) as o function of raage (amooth
botiam). (From Stasl and Desharnais, 1589)
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4 Pige 1.7: Measuremants of propagatsen loms (ame-therd octawe) versus fre- E 1
quancy for variowm raages over the smooth ssbed. (Prom Staal and Desharnass, :
1309)
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*Figese 7% Aversge propagation lom for fequencies frem 3 w0 635 Hi wneh
spherical sprending ramoved, W the kydrophone st 3.6 m (eched wnh &
symbol}, as & famtion of reage (romgh botiom). (Fram Staal and Desharnams,
19¢9)

Ca it e o

logn- s thimmar (20 t0 40 m) with a more cmplax distribetion thes along the
smosth botiom track. The wpper portioa of the somnd spesd profile » ssmiler
%0 the profie shown i Figure 7.3 (s); howevar, in the deep troughs. theve » » f L
positive graddesnt which results ia the formation of & sound chaonel This sound
chasonl » expecsed to sedoce the imbarection of ssund with the ssabed over the
desp portaon of the track

The frequency svaraged propagation lows a0 a fuaction of mage s shows a
Figere 74 1a order o bettar duplay the ruiaticnsiep betwens propegation loms
and weter depth. the spherical spreading portion (20 log [range = metrw]) of
the propagation lom wes removed. Negative lomes indicate better propagatsen
than the wphaical spreading law [Staal and Desharnas, 1969]. The compenva
1_' of the propagatiua lues snd the ssabed shows that the suaemum propegatson bows
eotwre ot the location of msnisnus depth. The «Soct of the sniiment thacknem
varmticas sus act evidest, possbly meshed by the more pryaounced effect of
the bathymetry.
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The propagation lows plotied as & fuaction of frequemncy (Frgure 7.9) shows !
the sasme propagation charncienstics st shart range e for the smooth seabed
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Figee 1.9 Movsuremants of propagation loss (owe-third octase) verses fre
quancy for verious ranges owc the Songh ssabed. (Frem Stasl aod Dmsharnam,
1929)

track. The low frequancy saxismm m propegation lom s however more pro-
aounced (30 %o 30 dB compersd 10 1S to 30 dB), and it ccours ot slightly higher
fregumncies (4 o 20 Hs). [n sddition, ot the longest reagms the propagation Jom
incsenses below 90 Hs, and then decwasss ageim below 1020 Ex. Thus s a be
haviows smcler to the prepagaiue bme over rocky seabeds with bttie sediment
cover which was reported by Sinal «t ol [1906].

Seaseth-reagh ssabed comparisna

Figare 7.10 shows the compariscs of the propagation lom es a function of
renge for the two tracks st theee frequencies. [t can be ssum that the propegatson
loss over the smooth seabed s secely always dugher (by S t0 10 dB) than the
loas ovar the rough smbed Thie dilflerence may be due to the premence of the
ssund cheane along the track over the desper mugh botiom: more cowrgy »
wapped in the chanenl and thare i bees acoustic mteraction with the bottom
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Figues 7.11: Mep of propagation Joss russ cs eastern Caneda comtinental shelf

73.3 Geographic Locations of Interest
difovani physiagraphic psovincss of the eostern Cannde continantal sheif are

tacinded. Figuse 7.1]1 shwes the locatiowe where thuse measucerents were
ol
Cantral Scotinn Shelf

over the Lallave snd Eseraid Basins, the despest portions of the Scotian Shelf.
The messusemsuts wure tabss i vmiter (March 1983), and the wund spesd
poniies recorded ase typecal for thet penod of the year and show a pomtive
oadimt %0 appracimately 130 m (Fipuee 7.12Aa)). These conditions resuit =
goed prepageiion cenditions o8 seen @ Figme 7.12b)

Lawrention Chanael

The Lowestun Chonnel covars & mintively hirge esva. Some mmportast
shipping activity tahes place slong its leugth. It is the despast sscton cov-
avpd in this gude, with waler depths in cacess of 600 m. Figure 7.13 shows
the bathymetry and the sound spesd peufies over the propagaton track. The
meapwsumerds were taben = svasmer asel Lharalore s ssvong thermochas hoe de
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Figam 7.12 Prupegntion lass run over the Contral Scotian Shell betwema
QPN "W and 447N 61.8°W. Bathywetry and sownd speed profiles slong
the toach ase shuwy i (a) Proapagation bese resndte ave shown wm (b) for 40 Ha,
200 Hx, $12 Bz and 1390 Hx The sewree was ot €0 = snd the reowver ot 0
. (Prom Rew sad ASugpen, 199)




velsped which resits in & sound chanmel with aa axis &t apprommet. .y 90 =
The sxusce was a8 €0 = and the secaiver o8 40 ;. This resnioed i & large por
tisn of the encrgy being trapped i the ssund chamnel and in low progagation
lsm, particulariy for the faguency range 40-500 Nz as seen i Figure 7.13

Grend Banie

A prepagntisn lese ren wes doss w sxamaer, ever the rclativaly reugh ssabed
of the ssuthwast Cound Banic in water ines than 169 m dosp. The bachywetry
end the sound spesd peofiies ase shown in Vigmre 7.14(s) The source and the
sassiver vase both st 80 m which wes below the tharmecias. The propagation
lossss (Figewe 7.14(b)) with congs ase muuch mwwe mmpertast than the previows
aonmpln, der o the snch stoeuger masmection of the sound enargy with the
bettom.

Horthasst Newhundiend Shelf

The final res was mude in the sommer erth of the Goand Benks The
fantusm chusrved ave yudged te be typical of & hrge wsen east of Newhoundinad,
mciuding Notse- Dame Bay and Beonavista Bug. The sourve charges ware deso-
anted ot dopths betweon €0 and 100 m; the seceiver was ot 57 m. Bathymetry
and sownd spewd prefiies ase shown m Figuse 7.15(a). The consenel tharmockns
i wall develaped and & ssund chanael » forued ot & depth of shont O m. Tine
channel is net 20 pransunced & the enr shesrwed m the Lossstses Channal,
y 2 lange partion of the seund enirgy » tapped i it whach results m relatively
low pespagutses leus (Figwe 7.15(b)). Ress and Adington [1976] reperted thae
similer runs sade st the entrance of the Nomit of Bolle leie = sorthenst and
sonthust disnctions sesulbed » propagaiom loesss ganerally within o fov dB of
these in Figme 7.13. Neise lrvuls wuwse m goersl much laghar aser the strant
by o8 muach o8 10 dB at frequancy e than 1208 Ba das 10 the hesvy shapping
acuviky m thie ven
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teack asw shown m (a). Propagatins loms sesaits ase shown m (b) for 40 Ha,
200 Bz, 312 B3 and 1200 Bz Bech the ssurce snd the recarver were at @0 m
(Promm Ress and Adbageon. 1978)
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Figure 7.16. Curves of bottom backecatienmg stremgth vu. grasmg angie for
wnow botiom cypes Vabd for frequsacy remge of 0.5 100 Lz Mom mem-
surements were wntiun spproxmmaiely 3 dB from these cerves {From Unch.
1982)

7.4 Scattering Coefficients
7.4.1 DBottom Backscattering Coeflicients

Thare » 20 strong fiwquency dependence of the bottom backecattermg o
o dicents for feguences base (0 AHL Buwewes. Lutiom iypos aan be usd
a8 & reascmable Casssher of the bottam scatienng stremgth Unck. 1963 The
1 m&:mohnfm?l&m%bmdu.podﬁmm<
mAaton.

Addstsonal miormation oo scatienng cocficrents » inchaded 10 the clasefed
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